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PREFACE  TO  SEVENTH  EDITION 


The  rapid  advance  of  physiological  chemistry  has  m'ade  exten-. 
sive  revision  of  this  book  necessary.  This  is  especially  true  of 
the  sections  on  Enzymes  and  on  Vitamins.  We  are  indebted  to 
John  Wiley  &  Sons,  Inc.,  for  use  of  the  following  illustrations 
from  the  author’s  book,  “A  Manual  of  Biochemistry”:  Figs. 
3-6,  9-17,  20,  21,  23-26,  30,  33,  35-38,  42,  45-48,  50,  53,  59-62, 
64-72,  and  81,  and  to  William  C.‘  Foster  for  checking  certain 
formulas. 

J.  F.  McClendon. 


Philadelphia,  Pa. 


PREFACE  TO  SIXTH  EDITION 

A  regular  course  with  laboratory  work  in  physiological  chem¬ 
istry  in  America  was  first  given  by  Russell  H.  Chittenden  .at 
Yale.  Harry  P.  Ritchie  studied  under  Chittenden  from  1891 
to  1893  and  then  came  to  Minnesota  where  he  taught  this  sub¬ 
ject.  This  book,  which  is  an  outgrowth  of  the  course  at  the 
University  of  Minnesota,  has  been  used  in  a  number  of  colleges, 
and  suggestions  have  been  received  from  teachers  who  have  used 
it  in  their  classes.  It  is  presupposed  that  the  student  has  some 
knowledge  of  general  and  organic  chemistry. 

Certain  fundamentals  of  physical  chemistry,  such  as  the 
gas  laws  and  laws  of  solutions,  and  particularly  aqueous  solu¬ 
tions  of  crystalloids  and  colloids,  have  been  taken  up,  as  well 
as  the  speed  of  reaction  and  the  effect  of  temperature  and 
hydrogen  ions  on  the  speed  of  certain  reactions.  The  metab¬ 
olism  of  the  inorganic  elements  is  treated  rather  fully,  and  also 
the  chemistry  as  well  as  the  metabolism  of  (1)  fats,  phospholi- 
pins,  galactolipins,  and  sterols,  (2)  carbohydrates,  (3)  proteins, 
amino  acids,  and  amines.  The  nature  of  enzymes,  and  the  diges¬ 
tion  and  absorption  of  fats,  carbohydrates,  and  proteins  in  the 
mouth  stomach,  and  intestine  are  treated.  The  tissues,  espe¬ 
cially  blood,  bones,  and  teeth,  are  chemically  characterized,  and 
those  used  as  food  are  further  treated.  There  are  also  special 
chapters  on  Vitamins  and  on  Urine. 
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All  chapters  have  been  largely  or  entirely  rewritten,  and  three 
chapters— Enzymes,  Energy  Exchange,  and  Internal  Secretions 
—are  new.  Many  new  figures  have  been  used.  Several  of 
the  illustrations  were  drawn  exclusively  for  this'  book  by 
Jean  Hirsch. 

The  laboratory  work  is  intended  to  cover  the  field  of  the 
text.  Gravimetric  methods  are  avoided  where  possible,  vol¬ 
umetric  and  colorimetric  methods  being  preferred.  The  use  of 
the  Duboscq  colorimeter  as  introduced  by  Folin  into  physio¬ 
logical  chemistry  is  especially  emphasized  since  by  this  method 
one  can  often  perform,  on  a  drop  of  blood,  analyses  which  by 
gravimetric  methods  required  a  liter  and  by  volumetric  methods, 
20  c.c.  of  blood.  It  is  therefore  not  necessary  to  enter  the  vein, 
a  drop  of  blood  from  the  tip  of  the  finger  of  an  adult  or  from 
the  heel  of  an  infant  being  sufficient.  Besides  this  quantitative 
work  there  are  many  qualitative  determinations  and  experi¬ 
ments  in  physical  chemistry  and  with  enzymes. 

New  sections  on  the  teeth  have  been  prepared  by  Dr.  Wallace 
Armstrong.  The  section  on  physical  chemistiy  has  been  read 
by  Dr.  Allan  Hemingway.  I  wish  to  express  my  thanks  to 
both  of  these  men  for  this  assistance. 

I  am  also  indebted  to  Dr.  W.  C.  Rose,  University  of  Illinois, 
for  suggestions  and  constructive  criticism. 

J.  F.  McClendon. 

Minneapolis,  Minn. 
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Potassium,  427;  Titration  of  the  Alkaline  Reserve  (Bicarbon¬ 
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Progress  of  Digestion  by  Ptyalin,  431;  Products  of  Ptjalin 
Digestion,  431;  Dextrins,  431;  Iodine  Test,  431;  Make  a 
Fehling’s  Test  on  Dextrin  Solution,  431;  pH  of  Saliva,  431. 


APPENDIX 

International  Atomic  Weights  _  _  _ 


GLOSSARY 

Glossary 


13 

PAGE 

420 


433 


434 


References 


REFERENCES 


450 


•  *  i  >  4 


* 


* 


« 


*  ■<* 


♦  • 

T  '  * 


ILLUSTRATIONS 


l'TG. 

1. 


3. 

4. 

5. 

(5. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 


‘>9 


23. 

24. 

25. 

26. 
27. 


28. 

29. 

30. 

31. 


3.: 


34. 

35. 

36. 


38. 

39. 

40. 

41. 

42. 

43. 

44. 


Diagram  of*  cell  of  living  protoplasm  --------- 

Hydrogen  electrodes  -  --  --  --  --  --  --  - 

Dissociation  of  indicators  and  pH  ---------- 

Japanese  woman  with  nodular  goiter  --------- 

Rough  division  between  more  and  less  goiterous  regions 
Simple  goiter  in  United  States  per  1000  drafted  men  - 
Relationship  of  sterols  -  --  --  --  --  --  -- 

Diagram  of  Laurent  polariscope  ---------- 

Transformations  of  glucose  -  --  --  --  --  --  - 

Crystal  of  anhydrous  d-glucose  ------------ 

Diagram  of  a  d-glucose  and  p  d-glucose  ________ 

Diagram  of  fructose  _  _____________ 

Diagrams  of  a  d-galactose  and  a  d-mannose  _______ 

Diagram  of  saccharose  _____________ 

Diagram  of  lactose  ______________ 

Diagram  of  maltose  ______________ 

Diagram  of  cellulose  ~  JTjte 

Spectrometer  and  absorption  spectra  of  blood  pigments  _ 
Avitaminosis-B  in  the  pigeon  ___________ 

Rat  with  xerophthalmia  from  lack  of  vitamin  A  _____ 

Cure  of  xerophthalmia  with  carotene 
X-ray  of  tibia  of  mouse  with  rickets 
Rickets  in  a  pup 

Bone  in  scurvy  _________ 

Leg  in  scurvy  _  __________ 

Pellagra  - 

Reduction-oxidation  potential  of  methylene  blue  on  abscissa  and 
per  cent  blue  on  ordinate  at  pH  7  at  30°  _ 

Salivary  glands  _______ 

Alimentary  tract  _______ 

Increase  in  H+  in  stomachs  of  five  men  after  normal  meals 

32.  Types  of  glands . 

Roentgenogram  of  tube  in  jejunum 
Liver  and  pancreas  ______ 

Normal  stool  _ 

Spastic  stool  _______ 

Baled-hay  type  of  spastic  stool  _____ 

Constipated  stool  _____ 

Intestinal  villus 

Urinary  system  _____ 

Circulation  of  blood 

Alkali  reserve  normality  and  van  Slyke'cO,  values  of  blood 'plasma 
I  ormed  elements  of  blood  ______  p 

Origin  of  erythrocyte  from  megaloblast  in  re'd  bone"  marrow  “  ~ 

15 


PAGE 

18 

27 

30 

59 

60 
60 
75 
82 
88 

96 

97 
97 
99 

100 

101 

102 

105 

139 

153 

155 

155 

156 

157 
160 
162 
164 


179 
185 
191 
194 
,  196 
202 
203 
211 
211 
211 
212 
214 
218 

236 

237 

239 

240 


ILLUSTRATIONS 


16 

F1Q*  PAGE 

45.  Williamson’s  curve  of  hemoglobin  values  with  age  and  sex  _  _  241 

46.  Ratio  of  impedance  of  blood  to  impedance  of  serum  _  243 

47.  Dielectric  properties  of  erythrocyte  _  ________  244 

48.  Titration  curve  of  carbonate-free  blood  plasma  ______  244 

49.  Relation  of  pH  and  bicarbonate  of  blood  to  C02-pressure  of  alve¬ 

olar  air  in  lungs  _____________  245 

50.  Blood  volume  and  sugar  after  taking  insulin  or  glucose  _  _  _  247 

51.  Circulation  of  lymph  -  248 

52.  Longitudinal  section  of  incisor  tooth  _________  257 

53.  Hours  of  sunshine  in  United  States  _________  285 

54.  Defective  teeth  in  recruits  ____________  286 

55.  Polynesian  with  carious  teeth  ___________  286 

56.  Curvature  of  spine  in  recruits  ___________  28  7 

57.  Calcium,  magnesium,  and  phosphorus  in  rats  _______288 

58.  Benedict-Roth  recording  metabolism  apparatus  ______  294 

59.  Daily  variations  in  basal  metabolic  rate  ________  295 

60.  Weekly  variations  in  basal  metabolic  rate  _______  296 

61.  DuBois  chart  of  calories  _____________  297 

62.  Calories  per  day  of  soldiers  ____________  300 

63.  Pyramid  of  calories  in  food  ____________  302 

64.  Heat  loss  by  evaporation,  radiation  and  conduction  _____  305 

65.  Percentage  death  rate  with  climate  _________  306 

66.  Wheat  grain  ________________  313 

67.  68.  Apparatus  for  instantaneous  drying  of  fruit  juices  _  _  _  318 

69.  Cretins  323 

70.  Cretin  lamb  -  323 

71.  Growth  of  rat’s  thyroid  on  diets  with  and  without  iodine  _  _  _  324 

72.  Exophthalmic  goiter  and  iodine  in  drinking  water  _____  325 

73.  74.  Glands  of  internal  secretion  _________  326,  327 

75.  Acromegaly  -  330 

76.  Duboscq  colorimeter  -  339 

77.  Dissociation  curves  of  buffers  -  343 

78.  Kjeldahl  apparatus  -  374 

79.  Ammonia  absorption  apparatus  ----------  -  383 

80.  Blood  sugar  tube  -  --  --  --  --  --  --  --  398 

81.  Micro-Kjeldahl  distilling  apparatus  -  403 

82.  Absorption  spectra  -  ^8 

83.  Apparatus  for  separating  dentin  and  enamel  _______  421 


PHYSIOLOGICAL  CHEMISTRY 


PART  I 


INTRODUCTION 

The  scientific  field  known  variously  as  physiological,  biologi¬ 
cal  or  biochemistry  is  the  branch  of  science  which  treats  of  the 
chemical  constitution,  reactions  and  products  of  living  mate¬ 
rial.  It  was  thought  that  organic  compounds  were  produced 
(synthesized)  only  by  living  organisms,  until  Wohler  in  1828 
synthesized  urea 

H2N— CO— NH2 

Organic  compounds  were  then  redefined  as  compounds  of  car¬ 
bon,  and  organic  chemistry  was  distinguished  from  biochemis¬ 
try. 

Plant  and  Animal  Chemistry. — It  was  once  believed  that  the 
chemical  processes  going  on  in  plants  and  animals  were  funda¬ 
mentally  different.  Synthesis  or  building  up  was  considered 
characteristic  of  plants,  whereas  animals  were  known  to  break 
down  the  substances  which  they  ate.  We  now  know -that  this 
difference  is  a  quantitative  and  not  a  qualitative  one,  for  if 
kept  in  the  dark,  plants  take  up  oxygen,  burn  their  constitu¬ 
ents,  and  give  off  carbon  dioxide  in  a  manner  analogous  to  the 
process  predominating  in  animals.  Animals,  on  the  other 
hand,  are  now  known  to  be  capable  of  performing  numerous 
and  elaborate  syntheses,  breaking  down  the  materials  of  their 
food  to  simpler  compounds,  but  rebuilding  many  of  the  frag¬ 
ments  into  tissue  substance,  or  altering  them  to  produce  com¬ 
pounds  having  specialized  biological  functions. 

Object  and  Importance  of  Physiological  Chemistry.— The 

ultimate  object  of  workers  in  the  field  is  to  establish  a  rela¬ 
tionship  between  chemical  composition  and  biological  function, 
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to  be  able  to  explain  the  workings  of  cells  or  of  the  various  or¬ 
gans  and  tissues  in  terms  of  chemical  reactions,  but  experi¬ 
menters  are  still  far  from  the  attainment  of  this  end,  although 
many  problems  now  are  clearly  understood  which  a  few  years 
ago  were  still  unsolved.  The  findings  of  physiological  chem¬ 
ists,  and  the  methods  of  analysis  developed  by  them  have  been 
of  the  greatest  value  to  the  science  of  medicine  in  general,  and 
to  the  medical  practitioner  in  particular.  Since  the  body  is 
made  up  of  chemical  compounds,  and  since  many  of  its  activ¬ 
ities  depend  upon  chemical  reactions,  it  is  obvious  that  any 
light  thrown  upon  the  nature  and  properties  of  its  components 
will  tend  to  make  clearer  the  character  of  the  reactions  in¬ 
volved  in  the  normal  functioning  of  the  tissues.  The  chemistry 
of  abnormal  or  diseased  conditions  has  also  been  studied.  Both 
diagnosis  and  treatment  have  come  to  depend  more  and  more 
upon  the  findings  of  the  physiological  chemists,  and  the  gen¬ 
eral  advancement  of  medicine  has  been  greatly  furthered  by 
the  results  of  biochemical  research. 


Protoplasm. — Living  material,  whether  of  plant  or  animal 
origin  has  been  found  to  consist  of  a  substance  which  has 
been  given  the  name  protoplasm  (from  the  Greek  words 
meaning  “first,”  and  “form”).  It  is  a  jellylike  watery  mass, 
sometimes  fairly  rigid  in  form,  possessing  certain  char¬ 
acteristics  which  serve  to  distinguish  living  from  lifeless  ma¬ 
terial.  The  first  of  these  is  the  power  of  growth,  growth 
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from  internal  forces  such  as  we  observe  in  animals  and 
plants,  and  not  growth  from  without,  such  as  the  enlarging  of 
a  crystal.  The  second  is  the  power  of  respiration,  taking  up 
oxygen  and  giving  off  carbon  dioxide.  The  third  is  the  power 
of  movement,  from  place  to  place  in  animals,  and  movement 
incident  to  growth  in  plants.  The  fourth  is  irritability ,  and  the 
fifth  the  power  of  reproduction.  All  living  material  possesses 
these  five  properties,  and  no  lifeless  material  possesses  all  of 
them.  Physiological  chemistry  may  be  looked  upon  as  the 
study  of  the  chemistry  of  protoplasm,  its  products  and  the  sub¬ 
stances  which  it  requires  for  the  continuance  of  its  normal 
functions. 

Chemical  Components. — Amounts  in  Body. — In  beginning  the 
study  of  so  broad  and  complicated  a  field  it  is  difficult  to  choose 
a  point  of  attack.  The  most  satisfactory  plan  will  be  first  to  be¬ 
come  familiar  with  the  chemical  substances  out  of  which  living 
material  is  made  up.  The  number  of  these  compounds  is  nat¬ 
urally  large,  but  for  convenience  they  may  be  classified  in  six 
great  groups. 

The  six  groups  are  as  follows : 

i.  Inorganic  constituents  including  water. 

ii.  Fats,  phospholipins  and  sterols. 

hi.  Carbohydrates  and  their  metabolic  products. 

iv.  Proteins  and  their  metabolic  products. 

v.  Vitamins. 

vi.  Enzymes. 

Our  first  task  will  be  to  become  familiar  with  the  character¬ 
istics  and  properties  of  the  chemical  components,  studying  group 
ieactions  and  also  the  specific  properties  of  important  individ¬ 
ual  compounds,  and  methods  for  their  detection  and  estima¬ 
tion.  We  will  then  trace  the  history  of  the  various  substances 
in  their  passage  through  the  body,  considering  their  fate  in 
the  alimentary  canal,  their  subsequent  behavior  as  constitu¬ 
ents  in  the  body  tissues  and  fluids,  and  the  final  elimination  of 
end  products  formed  by  their  destruction. 

The  relative  amounts  of  the  different  classes  of  chemical  com- 
ponents  in  the  animal  body  are  somewhat  variable.  Water 
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makes  up  about  65%  of  the  body  weight  and  5%  is  ash. 
Carbohydrates  are  present  only  in  small  quantities,  the 
amount  being  less  than  1%.  Fats  and  related  compounds 
vary  considerably  in  amount  with  the  general  state  of  the 
body,  since  they  may  be  stored  in  large  quantities.  The  body 
contains  on  the  average  about  15%.  Proteins  vary  less  from 
an  absolute  standpoint,  but  relatively  the  percentage  depends 
upon  the  amount  of  fat.  The  amount  in  the  body  averages  also 
about  15%. 


CHAPTER  I 

PHYSICAL  CHEMISTRY  IN  ITS  RELATIONS  TO 
PHYSIOLOGICAL  CHEMISTRY 

Although  most  emphasis  has  been  placed  on  organic  chem¬ 
istry  by  physiologists,  the  principles  of  physical  chemistry  are 
necessary  in  the  understanding  of  physiology.  The  properties 
of  solutions,  dissociation,  osmotic  pressure,  surface  tension,  col¬ 
loids,  adsorption,  mass  action,  and  ionic  equilibria  have  a  direct 
bearing  on  problems  connected  with  the  function  of  cells  and 
tissues.  Absorption,  secretion,  excretion,  growth,  muscular 
contraction,  and  other  functions  of  living  matter  are  carried 
out  in  conformity  with  physical  and  chemical  laws.  Certain 
fields  of  physical  chemistry  have  been  applied  very  frequently 
to  physiology,  whereas  other  conceptions,  such  as  the  phase 
rule,  have  had  little  application. 

Osmotic  Pressure. — Hoppe-Seyler  showed  a  quantitative  re¬ 
lation  between  osmotic  pressure  and  gas  pressure  so  that  it  is 
well  to  recall  the  gas  laws.  A  gas  exerts  a  definite  pressure, 
and  this  pressure  is  in  inverse  proportion  to  the  volume.  If 
the  volume  is  halved  the  pressure  is  doubled,  and  if  the  volume 
is  doubled  the  pressure  is  halved.  It  is  also  affected  by  tem¬ 
perature  ;  at  uniform  pressure  the  volume  of  the  gas  increases 
%73  of  its  volume  at  0°  for  a  rise  of  one  degree.  If  the  volume 
is  constant,  the  pressure  increases  ^73  of  its  pressure  at  0°  for 
a  rise  of  one  degree.  In  this  and  later  chapters  all  tempera¬ 
tures  are  on  the  centigrade  scale,  as  that  is  the  scale  used  by 
chemists  except  in  connection  with  thermodynamics.  If  an 
amount  of  gas  equal  to  the  number  of  grams  expressing  its 
molecular  weight  is  contained  in  22.4  liters,  it  will  exert  a 
pressure  of  one  atmosphere.  All  these  laws  are  true  of  ideal 
gases  in  which  the  molecules  take  up  no  space.  This  is  more 
nearly  realized  by  hydrogen,  but  so  far  as  molecules  do  take 
up  space,  these  gas  laws  are  to  some  extent  disobeyed.  An- 
other  source  of  divergence  is  the  small  attraction  the  molecules 

ave  for  one  another,  the  gas  laws  being  based  on  the  idea  that 
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the  gas  molecules  behave  as  billiard  balls  which  strike  and 
bounce  away  from  one  another  but  have  no  attraction  for  one 
another.  When  the  attraction  of  the  molecules  for  one  another 
gets  paramount,  liquefaction  takes  place. 

It  was  shown  by  Pfeifer  and  deVries  that  dissolved  substances 
exert  a  pressure  in  many  respects  like  gas  pressure.  This  is 
called  osmotic  pressure.  It  is  not  exerted  on  the  walls  of  the 
container  if  they  are  all  impermeable  to  the  solvent.  It  is 
necessary  to  find  a  wall  material  or  membrane  through  which 
the  solvent  but  not  the  dissolved  substance  can  pass.  Such  a 
membrane  is  called  a  semipermeable  membrane.  A  copper  fer- 
rocyanide  colloid  gel  would  serve  such  a  purpose,  but  being 
mechanically  weak,  it  must  be  supported.  Such  a  support  was 
devised  by  Pfeffer  by  depositing  the  copper  ferrocyanide  within 
the  pores  of  a  porous  porcelain  membrane.  If  an  apparatus 
is  set  up  with  such  a  membrane,  on  one  side  of  which  is  a 
solution  and  on  the  other  the  pure  solvent,  the  solvent  will 
pass  into  the  solution  and  tend  to  dilute  it  and  increase  its 
volume.  If  there  is  a  resistance  to  this  increase,  the  process 
will  exert  a  pressure  which  can  be  measured  by  a  manometer, 
and  the  pressure  is  called  “osmotic  pressure. ”  Osmotic  pres¬ 
sure  is  directly  proportional  to  the  concentration  of  the  dis¬ 
solved  units,  whether  they  be  molecules  or  ions,  and  to  the 
absolute  temperature.  In  this  case  also  the  ideal  solution, 
which  would  be  one  in  which  the  dissolved  substances  occupy 
no  space,  has  not  been  found.  Not  only  do  the  molecules  or 
ions  of  the  dissolved  substances  occupy  space  but  often  chemi¬ 
cal  union  takes  place  with  the  solvent,  thus  increasing  their 
size.  This  is  particularly  true  of  ions,  but  it  is  also  true  of 
such  molecules  as  those  of  sugar;  the  greater  the  concentration 
of  the  dissolved  substance  (and  hence  the  greater  proportionate 
space  taken  by  it)  the  greater  the  divergence  of  the  osmotic 
pressure  from  the  ideal  Aside  from  its  usefulness  in  deter¬ 
mining  molecular  weight  and  ionization,  osmotic  pressure  plays 
an  important  role  in  the  living  body.  Both  intra-  and  inter¬ 
cellular  fluids  behave  as  solutions,  and  a  semipermeable  mem¬ 
brane  exists  in  relation  to  every  cell.  It  is  generally  conceded 
that  this  membrane  is  the  surface  layer  of  the  protoplasm  and 
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is  not  the  cellulose  cell  wall,  for  instance,  where  such  exists. 
Osmotic  pressure  maintains  the  turgidity  of  the  cell.  If  it  is 
greatly  increased,  the  cell  tends  to  absorb  fluid  and  swell,  but 
in  the  plant  cell  this  swelling  is  inhibited  by  the  cellulose  cell 

wall. 

The  biological  method  of  measuring  osmotic  pressure  con¬ 
sists  in  immersing  cells  in  liquids  of  known  osmotic  pressure 
and  determining  whether  the  cell  swells,  shrinks,  or  remains 
of  constant  volume.  Passage  of  the  solvent,  which  in  the  case 
of  living  cells  is  always  water,  through  the  membrane  is  called 
osmosis.  The  shrinking  of  the  cell  in  solutions  of  higher  osmotic 
pressure  is  termed  plasmolysis  (although,  strictly  speaking,  this 
word  should  refer  to  a  breaking  up  of  the  cell).  It  was  applied 
first  by  botanists  to  cells  surrounded  by  cellulose  walls,  and 
the  shrinkage  could  be  easily  detected  by  the  fact  that  the 
cellulose  did  not  shrink,  and  the  protoplasm  was  pushed  away 
from  the  cellulose,  leaving  a  space  which  could  be  seen  under 
the  microscope.  Solutions  of  an  osmotic  pressure  that  just 
fail  to  plasmolyze  the  cell  were  called  isosmotic  or  by  older 
physiologists  isotonic,  but  Osterhout  has  shown  that  errors  have 
crept  into  these  measurements  where  the  solution  injured  the 
cell.  Overton  has  shown  that  cells  which  are  plasmolyzed  in 
a  certain  solution  may  regain  their  former  volume  in  case  of 
certain  solutes,  and  he  interpreted  this  as  meaning  that  the 
solute  slowly  penetrates  a  cell.  Solutes  were  divided  into  three 
classes:  (1)  urea,  carbon  dioxide,  and  oxygen,  which  pene¬ 
trated  at  all  times  and  did  not  produce  plasmolysis,  and  to 
these  a  long  list  of  anesthetics  was  added;  (2)  glycerol  and 
similar  substances  which  produced  a  temporary  plasmolysis 
and  diffused  slowly  into  the  cell;  (3)  substances  which  pro¬ 
duced  permanent  plasmolysis,  which  were  effective  on  certain 
cells  only  and  when  they  were  in  normal  condition,  and  were 

supposed  to  include  sugars  of  higher  molecular  weight  and 
certain  salts. 

If  the  pores  of  the  membrane  are  large  enough  to  allow  the 
passage  not  only  of  water  molecules  but  also  of  simple  chemi¬ 
cal  substances,  such  as  salts,  but  still  are  too  small  to  allow 
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passage  of  larger  molecules,  such  as  the  carbohydrates  of  higher 
molecular  weight  and  the  proteins,  the  process  is  called  dialysis. 
Dialysis  is  of  value  in  freeing  a  solution  of  protein  or  other 
nondialyzable  substance,  of  salts.  A  Yisking  sausage  casing 
forms  a  convenient  dialyzing  membrane.  It  may  be  coiled  in 
a  vessel  containing  the  nondialyzable  substance,  water  being 
allowed  to  flow  into  one  end  of  the  sausage  casing  and  the 
other  end  connected  to  a  sink,  thus  carrying  away  the  salts 
dialyzing  into  the  water. 

Electrical  Properties  of  Solutions. — When  certain  substances 
are  dissolved,  they  break  up  into  pairs  of  particles  of  opposite 
electric  charge  known  as  “ions.”  It  has  been  shown  that 
molecules  that  so  break  up  are  already  asymmetric  in  their 
constitution;  that  is  to  say,  they  are  already  polarized,  there 
being  a  preponderance  of  +  charges  toward  one  end  and  of  - 
charges  toward  the  other.  Even  though  the  substance  is  polar¬ 
ized,  it  will  not  break  up  into  ions  in  every  solute.  It  is  also 
necessary  for  the  molecules  of  the  solvent  to  be  polarized.  Such 
polarized  molecules  are  called  polar  and  other  molecules  are 
called  nonpolar.  When  a  polar  substance  dissolves  in  a  polar 
solvent,  ionization  takes  place;  but  when  a  nonpolar  substance 
dissolves  in  a  polar  solvent,  or  a  polar  substance  dissolves  in 
a  nonpolar  solvent,  or  a  nonpolar  substance  dissolves  in  a 
nonpolar  solvent,  ionization  does  not  take  place.  The  two 
solvents  that  are  the  most  polar  are  water  and  liquid  ammonia, 
but  of  these  water  is  the  only  one  compatible  with  life  and 
the  only  one  considered  here. 

There  is  much  discussion  as  to  whether  osmosis  and  diffusion 
or  these  and  filtration  could  account  for  the  absorption  from 
the  intestine,  the  excretion  of  urine,  the  formation  of  lymph, 
the  passage  of  gases  through  the  alveolar  walls  in  the  lungs, 
and  many  other  processes.  In  many  cases  there  seem  to  be 
other  factors,  such  as  electro-endosmose,  in  which  case  the 
dialyzing  membrane  is  electrically  charged.  The  solution  in 
its  pores  has  the  opposite  induced  charge  and  the  bodies  of 
liquids  on  the  two  sides  of  the  membrane  are  differently 
charged,  the  solution  being  forced  through  by  an  electrical 
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attraction  of  the  charged  liquid  in  the  pores  for  the  body  of 
liquid  on  that  side  of  the  membrane  which  has  the  opposite 

charge. 

It  is  a  well-established  fact  that  ions  in  solution  carry  electric 
charges.  This  can  be  demonstrated  by  passing  an  electric  cur¬ 
rent  through  a  solution.  The  ions  in  solution  will  migrate 
toward  the  positive  or  negative  pole  according  to  whether  they 
carry  negative  or  positive  charges.  Such  migration  also  occurs 
if  particles,  so  large  that  they  are  visible  under  the  microscope, 
are  charged  and  in  an  electrical  field.  This  migration  is  called 
cataphoresis.  Ions  conduct  the  electric  current  through  the  solu¬ 
tion.  Substances  which  dissociate  into  ions  are  called  electro¬ 
lytes;  those  which  do  not,  nonelectrolytes. 

H  Ion  Concentration. — It  is  a  well-known  fact  that  all  acids 
dissolved  in  water  taste  sour,  and  it  is  now  known  that  the 
sourness  is  due  to  hydrogen  ions;  thus,  hydrochloric  acid  dis¬ 
sociates  into  hydrogen  ions  and  chlorine  ions.  The  extent  to 
which  an  acid  is  dissociated  determines  its  strength.  Strong 
acids  are  highly  dissociated,  giving  off  many  hydrogen  ions 
or,  according  to  Debye,  are  completely  dissociated,  whereas 
weak  acids  are  but  slightly  dissociated,  giving  off  few  hydro¬ 
gen  ions.  Even  water  dissociates  to  a  slight  extent  into  hy¬ 
drogen  ions  and  hydroxyl  ions,  but  since  there  is  an  equal 
number  of  hydrogen  and  hydroxyl  ions,  water  is  called  neutral, 
and  it  does  not  taste  sour.  It  dissociates  because  it  is  a  polar 
substance.  In  order  to  have  an  unequal  number  of  these  two 
classes  of  ions,  it  is  necessary  to  add  an  acid,  in  which  case 
hydrogen  ions  are  added  to  the  number  of  those  from  water, 
or  a  base,  in  which  case  hydroxyl  ions  are  added  to  those  of 
water.  A  true  acidity  is  due  to  an  excess  of  hydrogen  ions 
and  true  alkalinity  to  an  excess  of  hydroxyl  ions,  which  is 
distinguished  from  titrable  acidity  or  alkalinity  (which  will 
be  discussed  in  the  next  paragraph). 

The  extent  to  which  a  substance  dissociates  into  its  ions  can 
be  expressed  by  a  figure  called  the  dissociation  constant  k 
For  water  this  is  expressed  as  [H+]  x  [OH-]  but  for  water  or 

[HaO] 

an  aqueous  solution  the  concentration  of  undissociated  H20  is 
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so  great  that  it  can  be  regarded  as  a  constant,  and  the  equa¬ 
tion  becomes  [ H  ]  x  [Off-]  =  Kw.  Kw  is  called  the  dissociation 
constant  of  water.  It  has  been  found  that  there  is  about  1 
gram  of  hydrogen  ions  (and  an  equivalent  amount  of  hydroxyl 
ions)  in  ten  million  liters  of  pure  water  or  one-ten  millionth 
gram  in  a  liter  of  Avater.  The  logarithm  of  the  reciprocal  of 
this  number  is  7.  Sorensen  used  the  abbreviation  pH  for  the 
logarithm  of  the  reciprocal  of  the  hydrogen  ion  concentration. 
The  pH  of  pure  water  is  7  at  somewhere  between  22°  and  23°, 
but  it  changes  with  the  temperature.  If  we  adopt  pK  as  the 
logarithm  of  the  reciprocal  of  the  dissociation  constant  of 
water,  pK  is  14,  and  if  we  use  the  term  pOH  as  the  logarithm 
of  the  reciprocal  of  the  hydroxyl  ion  concentration,  pOH  = 
pK  -  pH  and  therefore  equals  7,  for  a  neutral  solution. 

Titrable  Acidity. — If  a  gram-molecule  of  a  weak  acid  is  dis¬ 
solved  in  a  liter  of  water,  there  will  not  be  a  gram  of  hydrogen 
ions  dissociated,  but  if  some  of  these  hydrogen  ions  can  com¬ 
bine  with  hydroxyl  ions  from  a  base  which  is  added  to  the 
water,  more  hydrogen  ions  are  dissociated  from  the  acid.  If 
this  addition  of  base  is  continued,  all  of  the  hydrogen  ions  of 
the  acid  will  finals  be  dissociated  and  combined  with  the 
hydroxyl  ions  of  the  base.  By  measuring  the  amount  of  base 
that  is  added  the  total  amount  of  acid  can  be  determined. 
This  is  called  the  titrable  acidity  because  the  process  of  adding 
the  base  is  called  titration.  This  gives  rise  to  the  conception  of 
equivalent  solutions.  A  gram-equivalent  of  a  substance  con¬ 
tains  1.008  grams  of  replaceable  hydrogen  or  will  replace  1.008 
grams  of  hydrogen  in  another  substance.  This  substance  if 
dissolved  in  a  liter  of  solution  forms  a  normal  solution.  If 
36.458  grams  of  HC1  is  dissolved  in  water  to  make  up  a  liter, 
the  solution  will  contain  1.008  grams  of  hydrogen  ions  and 
will  be  a  normal  solution,  and  if  a  gram-molecule  of  acetic 
acid  is  dissolved  in  water  to  make  a  liter  there  will  be  much 
fewer  hydrogen  ions  at  one  time,  but  there  will  be  1.008  grams 
of  ionizable  hydrogen,  and  this  will  also  be  called  a  normal 
solution.  If  the  acid  is  sulphuric,  one-half  gram-molecule  dis¬ 
solved  in  water  to  make  a  liter  will  form  a  normal  solution, 
and  if  it  is  phosphoric,  one-third  gram-molecule  in  a  liter  of 
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solution  is  a  normal  solution.  A  normal  solution  of  a  base  is 
one  which  will  neutralize  volume  for  volume  a  normal  solution 
of  an  acid.  If  the  acid  is  completely  ionized,  the  hydrogen 
ions  are  equal  to  the  normality,  and  the  pH  can  be  computed. 
The  pH  of  a  0.1  N  solution  of  HC1  is  1,  the  pH  of  a  0.01  N 
solution  is  2,  and  the  pH  of  a  0.001  N  solution  is  3.  The 
number  of  hydroxyl  ions  are  usually  not  calculated.  If  the 
temperature  remains  constant,  the  hydroxyl  ion  concentration 
will  be  inversely  proportional  to  the  hydrogen  ion  concentra¬ 
tion.  It  is  convenient  to  consider  them  at  a  certain  tempera¬ 
ture  at  which  pK  =  14.  This  temperature  22°-23°  comes 
within  the  range  of  comfortable  room  temperature,  but  its 
exact  value  is  uncertain,  due  to  experimental  errors. 


H2 


Pig.  2.  Hydrogen  electrodes  to  show  the  principle  of  hydrogen  ion  deter¬ 
mination.  (Am.  Naturalist  64:  289,  1930.) 

The  action  of  enzymes,  behavior  of  colloidal  solutions,  and 
the  proper  functioning  of  cells  and  tissues  depend  on  hydrogen 
ion  concentration.  The  determination  of  hydrogen  ion  con¬ 
centration  may  be  made  by  means  of  a  hydrogen  electrode  or 
a  pair  of  hydrogen  electrodes  (Fig.  2).  It  was  shown  by 
Nernst  that  if  a  pair  of  hydrogen  electrodes  are  placed  in  the 
same  solution  no  electric  current  passes,  even  when  the  elec¬ 
trodes  are  connected  by  means  of  a  wire,  but  if  the  solution 
around  one  of  the  electrodes  has  ten  times  the  concentration 
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of  hydrogen  ions  as  that  around  the  other  electrode,  there  will 
be  a  difference  of  potential  of  about  60  millivolts  (depending 
on  the  temperature),  so  that  the  electrode  with  the  highest 
concentration  of  hydrogen  ions  will  be  the  more  positive  or 
less  negative  of  the  two.  If  the  two  electrodes  are  connected 
through  an  electrometer  or  other  instrument  showing  a  differ¬ 
ence  of  potential  without  using  an  appreciable  amount  of  elec¬ 
tric  current,  this  difference  of  potential  may  be  measured,  and, 
lienee,  with  a  known  solution  of  hydrogen  ions  around  one 
hydrogen  electrode  the  concentration  of  hydrogen  ions  around 
the  other  electrode  may  be  determined  from  the  potential ;  i.e., 
a  difference  of  pH  of  1  will  give  a  60  millivolt  difference  of 
potential  and  a  difference  in  pH  of  2  will  give  120  millivolts, 
and  if  the  millivolts  are  divided  by  60  the  difference  of  pH 
is  determined.  It  only  remains  necessary  to  actually  make  a 
pair  of  hydrogen  electrodes.  This  is  done  by  amalgamating 
the  hydrogen  with  a  conductor  of  the  first  class,  such  as  plati¬ 
num.  In  order  to  get  a  rapid  equilibrium  between  the  hydro¬ 
gen  gas  and  the  platinum,  the  surface  of  the  platinum  is 
increased  by  covering  it  with  platinum  black,  and  the  hydro¬ 
gen  gas  is  bubbled  over  it.  If  two  hydrogen  electrodes  are 
connected  by  a  salt  bridge  and  one  electrode  is  immersed  in 
hydrogen  ions  of  unit  concentration,  and  their  difference  in 
potential  determined  by  means  of  an  electrometer  or  potentiom¬ 
eter,  the  difference  of  potential  divided  by  60  gives  the  pH 
of  the  solution  surrounding  the  other  electrode.  A  source  of 
error  arises  due  to  the  electromotive  force  of  the  salt  bridge. 
In  this  bridge  the  hydrogen  ions  of  the  solution  of  higher 
hydrogen  ion  concentration  will  diffuse  toward  the  other  and 
will  carry  a  positive  charge  which  will  lower  the  potential 
difference  of  the  two  electrodes.  If,  however,  the  hydrogen 
ion  concentration  is  very  small,  as  in  a  neutral  solution  or  in 
body  fluids,  and  the  salt  bridge  is  saturated  with  potassium 
chloride,  most  of  the  current  is  carried  by  the  potassium  chlo¬ 
ride  and  the  potassium  ions  move  at  about  the  same  rate  as 
the  chloride  ions,  the  diffusion  potential  being  reduced  to  an 
insignificant  value. 
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Another  way  of  determining  hydrogen  ion  concentration  is 
by  means  of  indicators.  These  are  usually  weak  acids  whose 
ions  are  colored  and  whose  undissociated  molecules  are  either 
colorless  or  of  a  different  color.  When  the  indicator  is 
dissolved  in  water,  it  dissociates  according  to  the  equation 

[H*]  x  [A-]  _  ^ 

[ha]  k’ 

and  in  this  equation  there  is  no  distinction  between  the 
hydrogen  ions  coining  from  the  indicator  and  those  coming 
from  the  dissociation  of  water  or  any  other  acid  in  solution ; 
hence,  the  greater  the  hydrogen  ion  concentration  in  a  solution 
the  less  will  be  the  color.  Suppose  the  indicator  were  in  a 
normal  solution  and  it  were  half  dissociated,  then  ^  of  it 
would  be  undissociated  and  [H+]  x  !/£  =  K in  other  words, 

V2 

at  half  dissociation  the  hydrogen  ion  concentration  is  equal 
to  the  dissociation  constant  (middle  horizontal  line  in  Fig.  3). 
Usually  an  indicator  is  not  sufficiently  soluble  to  make  a  normal 
solution  and  there  is  a  certain  laxity  of  usage  so  that  the  exact 
quantity  is  generally  unknown  but  very  small ;  therefore  the 
value  of  K  that  is  found  is  not  exactly  the  theoretical  K  but  is  a 
more  convenient  one  to  use,  which  must  be  thus  defined :  at  ex¬ 
treme  dilution  of  the  indicator,  when  half  of  it  is  dissociated 
[H+]  =  K.  The  way  to  show  the  dissociation  of  half  of  it  is  as 
follows:  The  indicator  is  added  to  a  solution  whose  hydrogen 
ions  are  equal  to  K  and  this  solution  is  placed  in  one  of  the  cups 
of  a  Duboscq  colorimeter ;  in  the  other  cup  is  placed  the  same  con¬ 
centration  of  indicator  but  whose  dissociation  is  made  complete 
by  adding  a  drop  of  alkali,  thus  reducing  the  hydrogen  ion  con¬ 
centration  almost  to  zero.  (Since  the  indicator  is  twice  as  much 
dissociated  in  this  side,  the  depth  of  the  solution  is  one-half 
that  of  the  other  solution  when  a  color  match  is  made.)  The 
details  of  this  are  taken  up  in  the  laboratory  work.  It  is  then 
necessary  to  have  a  series  of  indicators  whose  values  of  K 
cover  the  midpoints  of  the  ranges  of  the  hydrogen  ion  concentra¬ 
tions  of  the  different  solutions  that  it  is  decided  to  investigate 
(Fig.  3). 


Fig.  3. — Dissociation  (cc)  of  indicators  and  pH.  (American  Naturalist.) 
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In  determining  the  dissociation  constant  of  an  indicator  or 
the  hydrogen  ion  concentration  by  means  of  indicators  with  the 
Duboscq  colorimeter,  it  is  necessary  to  use  one  whose  ions  are  col¬ 
ored  and  undissociated  molecules  are  colorless;  but  in  titrations, 
indicators  are  usually  used  whose  undissociated  molecules  are  col¬ 
ored  but  of  a  different  color  from  the  ions.  If  we  take,  for  in¬ 
stance,  a  molecular  solution  of  phosphoric  acid  and  add  methyl 
orange  as  an  indicator,  the  high  concentration  of  hydrogen  ions 
will  prevent  the  dissociation  of  the  indicator,  and  the  color  will 
be  red.  If,  however,  we  add  potassium  hydroxide  until  the  first 
hydrogen  is  neutralized,  the  color  will  be  orange,  but  if  a  large 
excess  of  base  is  added,  the  color  will  be  yellow.  The  orange 
color  is  due  to  an  equal  number  of  yellow  ions  and  red  undis¬ 
sociated  molecules,  and  the  pK  of  methyl  orange  is  about  the 
same  (within  1)  as  the  pH  of  a  molecular  solution  of  KH2P04. 
If  to  another  portion  of  a  molecular  solution  of  H3P04  we  add 
phenolphtlialein  it  is  undissociated  and  its  undissociated  mole¬ 
cules  are  colorless;  if  we  add  enough  KOH  to  change  it  to 
KH2P04  the  solution  is  still  colorless  because  the  pK  of  phenol- 
phthalein  is  very  different  from  the  pH  of  this  solution,  but  if  we 
add  enough  KOH  to  change  it  to  K2IIP04,  the  solution  will  show 
a  pink  color  due  to  the  presence  of  ions  of  phenolphtlialein; 
in  fact,  the  pH  of  a  molecular  solution  of  K2HP04  is  very  close 
(within  0.5)  to  the  pK  of  phenolphtlialein. 

H3P04  acts  as  a  moderately  strong  acid  and  one  hydrogen 
atom  can  be  titrated  away,  using  methyl  orange  as  an  indicator, 
but  IvII2P04  is  a  weak  acid  and  the  second  hydrogen  atom  can  be 
titrated  away,  using  phenolphtlialein  as  an  indicator;  therefore 
the  general  rule  applies  that  for  strong  acids  methyl  orange 
may  be  used  as  an  indicator  for  titration,  and  for  very  weak 
acids,  phenolphtlialein.  The  difficulty  about  using  phenol- 
phthalein  is  that  a  weak  acid  anhydride  exists  in  the  air  (CO.,) 
and  it  is  necessary  to  have  the  solutions  free  from  C02  in  order 
to  titrate  any  other  weak  acid. 

If  a  strong  acid  is  to  be  titrated  with  a  strong  base,  for  ex¬ 
ample,  pure  hydrochloric  acid  with  pure  sodium  hydroxide 
solution  (protected  from  carbon  dioxide),  any  indicator  may 
be  used.  If  the  solutions  are  about  0.1  N,  the  end  point  will 
e  s  mrp  and  a  striking  color  change  will  be  produced  by  the 
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last  drop  of  titrating  solution.  If  a  strong  acid  is  titrated  with 
a  weak  base,  such  as  ammonia,  methyl  orange  may  be  used. 
If  a  weak  acid  is  titrated  with  a  strong  base,  phenolphthalein 
may  be  used  and  gives  a  fairly  sharp  end  point.  If  a  weak; 
acid  is  titrated  with  a  weak  base,  no  indicator  will  give  a  sharp 
end  point  and  a  standard  pH  solution  must  be  prepared  so  as 
to  titrate  to  an  intermediate  color. 

A  student  should  be  careful  to  note  the  difference  between 
hydrogen  ion  concentration  and  titrable  acidity.  The  former 
is  a  measure  of  the  dissociated  hydrogen  ions  per  liter ;  the 
latter  is  the  amount  of  replaceable  hydrogen,  which  need  not: 
necessarily  all  be  ionized  at  one  time  but  which  may  become 
ionized  as  the  hydrogen  ions  are  used  up  during  titration. 
Whereas  the  titrable  acidity  of  a  normal  solution  of  hydro¬ 
chloric  and  acetic  acid  is  the  same,  the  former  has  a  far  greater 
hydrogen  ion  concentration  than  the  latter  because  the  former 
is  completely  dissociated  and  the  latter  is  dissociated  only  to 
a  small  extent. 


Indicators  behave  mathematically  as  buffers ,  but  the  reason 
they  do  not  actually  behave  as  buffers  is  that  they  are  used 
in  extremely  low  concentrations.  The  dissociation  of  a  buf¬ 


fer  is  represented  by  the  equation 


[H+J  x  [A-] 
[HA] 


=  K  (and 


behaves  as  an  indicator  except  that  the  buffer  ions  are  not 
colored)  and  at  50%  dissociation  [H+]  =  K.  If  to  a  liter 
of  this  solution  1  c.c.  of  a  normal  solution  of  hydrochloric 
acid  is  added,  the  hydrogen  ions  are  still  largely  deter¬ 
mined  by  the  buffer.  If,  however,  to  a  liter  of  pure  water  is 
added  1  c.c.  of  a  normal  solution  of  hydrochloric  acid,  the  pH 
is  changed  from  7  to  3,  a  huge  alteration.  Since  buffers  are 
usually  very  weak  acids,  in  a  pure  buffer  acid  solution  one  could 
not  obtain  50%  dissociation.  If,  however,  to  a  normal  solution 
of  the  weak  acid  one-half  gram-molecule  of  KOH  is  added,  it 
will  change  half  of  the  buffer  into  its  potassium  salt  (which 
is  practically  100%  dissociated)  and  in  this  case  the  concen¬ 
tration  of  the  dissociated  and  undissociated  parts  of  the  buffer 


will  be  approximately  equal;  hence  H+  =  K  or  pH  =  pK. 
If  now  1  c.c.  of  a  normal  solution  of  HC1  is  added,  it  will  neu¬ 
tralize  % oo  of  the  total  KOH  that  has  been  added  to  the  solu- 
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tion  and  will  not  change  the  hydrogen  ion  concentration  very 
much.  We  can,  therefore,  from  a  practical  standpoint,  define 
a  buffer  as  not  too  dilute  a  solution* of  a  weak  acid  containing 
an  equal  number  of  molecules  of  its  salt  of  a  strong  base. 
(Similarly,  a  buffer  may  be  a  weak  base  mixed  with  its  salt  of 
a  strong  acid.)  Thus,  a  solution  containing  y2  gram-molecule 
of  acetic  acid  and  y2  gram-molecule  of  sodium  acetate  per  liter 
will  act  as  a  buffer. 


The  chief  buffers  of  the  body  fluids  are  bicarbonates  and 
phosphates.  The  first  hydrogen  of  carbonic  acid  and  second 
hydrogen  of  phosphoric  acid  are  concerned  in  this  buffer  action. 


Colloidal  Solutions. — Thomas  Graham  divided  all  chemical 
substances  into  colloids  and  crystalloids.  The  name  colloid 
meant  “gluelike”  and  referred  to  ordinary  glue,  which  is  a 
gelatin  solution  and  a  type  substance.  Ordinary  substances, 
such  as  sodium  chloride  for  instance,  were  called  crystalloids. 
Since  many  constituents  of  living  tissues  form  colloidal  solu¬ 
tions,  the  properties  of  such  solutions  have  been  much  studied, 
von  Wiemarn  showed  that  colloidal  solutions  could  be  made  of 
crystalloids  ground  up  in  a  liquid  in  which  they  were  insoluble , 
and  so  we  now  speak  of  the  colloidal  state  rather  than  of  col¬ 
loidal  substances.  Some  substances,  however,  such  as  ordinary 
glue,  are  always  in  the  colloidal  state.  Egg  white  may  be  used 
as  a  glue,  but  its  main  constituent,  egg  albumin,  may  be  crys¬ 
tallized  so  that  the  term  “crystalloid”  must  be  limited  to 
substances  which  are  easily  crystallized. 


The  particles  in  the  colloidal  solution  are  larger  than  those 
in  the  crystalloid  solution.  If  particles  in  ordinary  suspen¬ 
sion,  such  as  chalk  in  water,  are  subdivided,  a  colloidal  solution 
will  finally  be  obtained.  Fairly  definite  limits  have  been  set 
for  the  size  of  colloidal  particles.  The  unit  of  diameter  is  the 
micrometer  (micron),  abbreviated  /*.  One  /x  is  a  millionth  of 
a  meter.  The  size  of  a  colloidal  particle  is  usually  between 
0.1  and  0.001/t.  In  subdividing  material  into  extremely  small 
particles  the  surface  area  is  enormously  increased.  If  a  cube 
°f  iMteml  the  edges  of  which  are  1  cm.  long  is  divided  into 
cubes  the  edges  of  which  are  0.01„,  the  surface  will  be  increased 
rom  sq.  cm.  to  600  sq.  m.,  and  there  will  be  10,s  particles. 


34 


PHYSIOLOGICAL  CHEMISTRY 


Peculiar  properties  of  colloids  are  those  largely  dependent  on 
the  enormous  increase  in  surface  area  and  the  consequent  im¬ 
portance  of  surface  forces,  such  as  surface  tension. 

Classification  and  Properties  of  Colloids.— Colloids  are  not 
uniform  according  to  chemical  constitution  and  include  such 
substances  as  metals,  salts,  acids,  bases,  proteins,  and  carbo¬ 
hydrates.  The  colloidal  state  is  the  only  state  of  substances  of 
very  high  molecular  weight,  including  many  constituents  of 
living  cells  (included  with  few  exceptions  in  the  class  of 
hydrophile  colloids,  i.e.,  colloids  which  attract  water  and 
swell).  Substances  of  low  molecular  weight  belong  mainly  in 
the  group  of  suspensoids,  forming  crystalloid  solutions  in  solv¬ 
ents  in  which  they  are  quite  soluble  and  colloidal  solutions 
only  in  dispersion  media  in  which  they  are  practically  insoluble, 
but  there  is  no  sharp  dividing  line  between  these  two  groups 
or  between  colloidal  solutions  and  true  solutions. 

Hydrophile  colloids  are  characterized  by  the  facts  that  they 
may  form  gels  if  sufficiently  concentrated  and  are  not  easily 
precipitated  by  the  addition  of  neutral  salts.  Since  in  bio¬ 
chemistry  we  deal  with  water  as  a  solvent,  these  gels  are  called 
hydrogels  and  colloidal  solutions,  hydrosols.  Examples  of 
hydrophile  colloids  are  the  proteins :  albumin  and  gelatin,  and 
the  carbohydrates :  boiled  starch  and  agar.  Their  hydrophile 
or  water-holding  property  is  supposed  to  aid  in  holding  the 
water  which  is  essential  to  the  life  of  living  cells.  It  should 
be  remembered,  however,  that  when  a  cell  is  killed  (without 
changing  its  content  of  hydrophile  colloids),  it  dries  at  a  much 
faster  rate  in  air. 

Slow  change  of  a  colloid  is  called  hysteresis.  Weeping  of  a 
gel  as  the  formation  of  serum  from  a  blood  clot  is  called  syn- 
eresis. 

Suspensoids  do  not  form  gels  and  are  easily  precipitated  by 
the  addition  of  very  small  amounts  of  neutral  salts.  Examples 
of  this  class  are  colloidal  gold,  colloidal  ferric  hydroxide,  and 
colloidal  me-tallic  sulphides.  Notwithstanding  their  failure  to 
attract  the  solvent  they  may  remain  in  solution  for  a  long  time. 

The  particles  in  colloidal  solution  are  so  small  that  they  will 
pass  through  an  ordinary  filter  with  ease.  All  filters  which 
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will  hold  back  colloids  are  either  made  of  or  impregnated  with 
colloids.  It  is  possible  to  precipitate  a  colloidal  suspension  of 
clay  or  kaolin  and  bake  it  into  a  sheet  of  porcelain  or  earthen¬ 
ware,  which  will  hold  back  some  colloids.  (In  order  that  it 
stick  together  when  baked  some  binder  is  necessary  in  addition 
to  the  main  constituent.) 

Tyndall’s  Phenomenon. — If  a  beam  of  light  is  passed  through 
a  colloidal  solution,  the  path  of  the  ray  becomes  visible  when 
viewed  from  the  side  in  much  the  same  way  as  does  the  path 
of  a  ray  of  sunlight  in  a  dusty  room.  The  light  is  dispersed 
from  the  particles  of  colloid.  It  is  also  found  that  this  dis¬ 
persed  light  is  plane  polarized.  Since  light  is  dispersed  by  a 
suspension,  the  main  difference  between  that  and  a  colloidal 
solution  is  that  the  dispersion  by  the  latter  may  be  more  diffi¬ 
cult  to  detect  or  it  may  be  colored  blue,  for  instance,  as  the  sky. 

Ultramicroscope. — This  instrument,  invented  by  Siedentopf 
and  Zsigmondy,  is  essentially  a  powerful,  dark-field  micro¬ 
scope.  While  the  observer  looks  through  a  high-powered  mi¬ 
croscope  through  a  drop  of  the  solution,  a  beam  from  an  arc 
light  is  concentrated  from  the  side  onto  the  drop.  The  ob¬ 
server  sees  what  appears  to  be  stars  in  a  black  sky.  One  can¬ 
not  tell  the  size  of  the  particles  any  more  than  one  can  tell 
the  size  of  the  stars,  but  can  count  their  number  and  also  ob¬ 
serve  the  color  of  the  light.  The  smallest  particles  appear  red, 
larger  ones  blue,  and  still  larger  ones  may  be  brownish,  and  as 
the  size  of  the  particles  approaches  that  of  suspensions,  the 
color  of  the  substance  in  mass  may  appear.  Some  solutions 
of  repeatedly  crystallized  egg  albumin  have  been  prepared 
which  are  invisible  in  the  ultramicroscope  within  a  certain  pH 
range  and  the  same  may  be  true  of  the  vitreous  humor  of  the  eye. 
The  ultramicroscope,  in  fact,  is  most  useful  in  studying  suspen- 
soids,  and  whereas  the  limit  of  microscopic  visibility  is  0.1/* 
the  limit  of  ultramicroscopic  visibility  is  about  0.01/*  and  by 
concentrating  sunlight  into  the  ultramicroscope  particles  as 
small  as  0.005/*  have  been  counted.  The  range  in  size  of  col- 

01  a  ntlCleS  1S  usually  £iven  as  from  o.l  to  0.005/*;  these 
are  called  submicrons,  but  smaller  particles,  too  small  to  be 

seen  m  the  ultramicroscope,  may  give  an  appearance  like  the 


36 


PHYSIOLOGICAL  CHEMISTRY 


milky  way  and  are  called  amicrons.  Since  they  cannot  be 
counted,  it  is  rather  difficult  to  tell  their  lower  size  limit. 

Brownian  Movement. — As  seen  in  the  ultramicroscope  col¬ 
loidal  particles  appear  to  be  oscillating  rapidly.  This  oscilla¬ 
tion  is  known  as  Brownian  movement  and  is  due  to  the 
bombardment  of  particles  by  the  molecules  of  the  solvent  and 
hence  is  greater  the  higher  the  temperature.  In  living  cells 
Brownian  movement  may  or  may  not  be  observed.  When  it 
is  not  present,  the  protoplasm  is  sometimes  considered  to  be 
a  gel.  Brownian  movement  may  appear  on  injury  to  a  cell 
even  when  it  was  not  observed  before. 

Electrical  Properties  of  Colloids. — Colloidal  particles  carry 
electric  charges  just  as  ions  are  electrically  charged  (but  each 
particle  may  have  more  than  one  charge).  This  may  be  demon¬ 
strated  by  passing  an  electric  current  through  a  colloid  solu¬ 
tion.  The  particles  of  the  colloid  will  move  to  the  positive  or 
negative  pole,  according  to  the  sign  which  they  carry,  the  col¬ 
loid  with  a  negative  charge  travelling  to  the  positive  pole  and 
vice  versa.  This  phenomenon  is  known  as  cataphoresis.  A 
protein  in  colloid  solution  may  have  positive  charges  if  the  solu¬ 
tion  is  acid  hut  negative  charges  if  the  solution  is  alkaline.  We 
may  imagine  conditions  as  follows :  In  the  acid  solution  the 
protein  combines  with  hydrogen  ions  and  becomes  positive. 
In  the  alkaline  solution  excessive  hydrogen  ions  are  given  off 
from  the  protein,  leaving  it  negative.  The  charge  of  the  col¬ 
loid  determines,  to  some  extent,  the  conditions  required  for  its 
precipitation. 

Methods  of  Precipitating  Colloids.— Some  colloidal  solutions 
will  remain  stable  if  they  are  protected  from  certain  precipitat¬ 
ing  agents  and  influences.  Since,  however,  some  of  these 
agents  and  influences  act  very  slowly,  we  may  say  that  col¬ 
loids  precipitate  merely  on  standing,  but  it  .is  possible  to  con¬ 
trol  precipitation.  Some  precipitate  if  they  are  boiled.  Gelatin 
forms  a  sol  in  hot  water,  but  a  gel  forms  on  cooling  and  the 
same  is  true  of  agar.  Suspensoids  are  thrown  out  of  solution 
by  the  addition  of  small  amounts  of  an  electrolyte,  such  as  a 
neutral  salt  or  an  acid  or  a  base.  Hydrophile  colloids  may  be 
salted  out  by  adding  huge  quantities  of  a  neutral  salt.  In  this 
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way  they  are  driven  out  of  solution  in  the  same  way  that  alco¬ 
hol  may  be  salted  out  of  water  by  the  addition  of  potassium 
carbonate.  In  the  case  of  suspensoids,  the  precipitating  agent 
is  the  ion  of  opposite  electric  charge  to  that  of  the  colloid  but, 
although  both  ions  are  present  in  the  solution,  the  proper  ion 
finds  a  colloid  particle  and  precipitates  it.  It  seems  probable 
that  more  negative  colloids  have  been  studied  than  positive 
colloids,  and  metal  ions,  being  positive,  precipitate  such  col¬ 
loids.  In  this  case  the  valence  of  the  ion  is  of  significance ;  for 
instance,  if  a  colloidal  particle  bears  two  negative  charges  it 
will  not  precipitate  unless  two  positive  monovalent  ions  hit  it 
simultaneously,  but  it  will  precipitate  as  soon  as  one  divalent 
positive  ion  comes  in  contact  with  it.  Since  it  is  usually  found 
that  trivalent  ions  precipitate  it  better  than  divalent  ions,  it 
is  assumed  that  the  colloidal  particles  bear  three  or  more  elec¬ 
tric  charges  each.  It  seems  possible,  however,  that  some  pre¬ 
cipitates  are  formed  by  aggregation  of  colloidal  particles,  in 
which  case  precipitation  may  be  a  more  complicated  procedure. 
At  any  rate,  it  is  found,  for  example,  that  to  precipitate  a 
given  negative  colloid  a  mercuric  salt  is  better  than  a  sodium 
salt  and  a  ferric  salt  is  better  than  a  mercuric  salt,  but  all 
ions  of  similar  valence  do  not  have  equal  precipitation  value. 

According  to  Mathews,  they  vary  according  to  their  electrolytic 
solution  tension. 

When  a  colloid  is  precipitated  by  an  electrolyte,  the  pre¬ 
cipitate  contains  some  of  the  precipitating  ion,  the  two  being 
held  together  by  their  electric  charges.  The  precipitation  of 
colloids  depends,  however,  on  other  and  more  complicated 
factors  than  the  mere  formation  of  salts  or  similar  compounds 
of  the  colloids.  It  is  supposed  that  the  Brownian  movement 
combined  with  the  repulsion  of  their  electric  charges  of  like 
sign  may  keep  suspensoids  in  solution.  When  the  charges  are 
neutralized,  the  particles  are  still  bombarded  by  molecules,  but 
if  they  are  not  held  apart  by  considerable  force  they  may  be 
attracted  to  one  another  and  form  particles  of  the  size  of  those 
m  a  suspension,  in  which  case  Brownian  movement  is  not  suffi¬ 
cient  to  hold  them  up.  It  seems  possible  that  in  the  case  of 
polyvalent  precipitating  ions  some  colloidal  particles  may  ac- 
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quiie  an  opposite  sign  due  to  their  being  overneutralized,  in 
which  case  they  would  attract  particles  whose  charges  had  not 
been  neutralized,  thus  increasing  the  size  of  the  particles. 

Although  the  suspensoids  are  not  hydrated  to  the  extent  of 
the  hydrophile  colloids,  it  is  generally  believed  that  ions  are 
hydrated  more  than  neutral  molecules,  and  hence  charged  col¬ 
loidal  particles  are  probably  hydrated  more  than  those  that 
have  lost  their  charge.  It  seems  possible  that  this  hydration 
may  help  to  keep  them  in  solution  and  hence  neutralization 
of  the  charge  would  reduce  the  hydration  and  tend  toward 
precipitation.  Although  a  suspensoid  is  easily  precipitated  by 
the  addition  of  a  small  amount  of  an  electrolyte,  the  addition 
of  a  hydrophile  colloid  may  protect  the  suspensoid  from  pre¬ 
cipitation.  The  hydrophile  colloid  in  this  case  is  called  a 
protective  colloid  and  may  act  by  covering  the  surface  of  the 
suspensoid  particle  and  hence  change  its  relation  to  the  dis¬ 
persion  medium. 

A  bar  of  freshly  prepared  soap  may  be  considered  a  colloidal 
gel,  and  it  is  possible  to  make  a  bar  of  soap  containing  about 
99%  water.  Agar  gel  may  contain  as  much  water.  In  order 
to  attain  this  solidity  it  is  supposed  that  gels  are  networks 
that  have  the  rigidity  of  a  truss,  just  as  in  structural  steel 
bridges.  Some  gels  are  considered  to  be  formed  of  needlelike 
crystals  which  interlace,  giving  the  gel  a  truss  structure.  In 
the  interstices  is  water  or  a  sol ;  i.e.,  all  colloidal  particles  may 
not  be  used  up  in  forming  the  truss.  If  a  gel  stands  for  some 
time  it  may  shrink,  squeezing  out  some  of  the  liquid.  This 
process  is  called  syneresis.  This  is  familiar  in  the  clotting  of 
blood  or  more  simply  of  blood  plasma.  The  truss  structure 
is  made  of  fibrin ;  the  clot  shrinks  and  the  liquid  exuded  is 
called  serum,  which  is  a  colloidal  sol. 

Hydrophile  colloids  increase  the  viscosity  of  water,  but  sus¬ 
pensoids  do  not  to  any  significant  extent.  The  viscosity  of  a 
sol  depends  on  various  factors  but  particularly  on  pH.  A 
familiar  example  is  liquid  glue,  which  is  an  acid  sol  of  gelatin. 
On  the  other  hand,  aeroplane  glue  is  an  alkaline  sol  of  casein. 

Adsorption.  Surface  Tension. — Colloid  particles  have  the 
property  of  taking  up  other  substances  on  their  surfaces.  This 
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process  is  called  adsorption.  The  substance  adsorbed  may  be 
a  crystalloid  or  another  colloid.  In  the  latter  case  this  process 
is  supposed  to  play  a  part  in  the  temporary  union  of  an  enzyme 
and  its  substrate  and  the  combination  of  toxin  with  antitoxin. 
Adsorption  is  related  to  surface  tension,  and  the  latter  may 
be  explained  as  follows:  At  the  surface  between  two  phases, 
for  example  water  and  air,  the  molecules  of  water  in  the  sur¬ 
face  layer  are  attracted  downward  and  to  all  sides  by  their 
fellows,  but  not  upward.  The  surface  layer  is  thus  compressed, 
and  forms  what  is  called  the  surface  film.  There  is  a  tendency 
for  the  amount  of  free  energy  in  a  system  to  decrease  and 
hence  for  the  film  to  contract.  This  is  shown  by  the  spherical 
form  of  suspended  droplets. 

Certain  dissolved  substances  decrease  the  surface  tension  of 
a  solution.  They  do  so  by  the  fact  that  the  attraction  force 
between  their  molecules  and  those  of  the  solute  is  less  than  be¬ 
tween  two  molecules  of  the  solute.  Since  a  reduction  in  surface 
tension  will  reduce  the  free  energy  of  the  system,  they  collect 
in  the  surface,  thereby  further  reducing  the  surface  tension 
of  the  water. 

Since  the  surface  of  a  colloidal  particle  is  a  boundary  be¬ 
tween  two  phases,  substances  which  reduce  the  surface  tension 
of  the  dispersing  medium  tend  to  collect  on  the  surface  of  the 
colloidal  particles.  This  is  called  adsorption  and  may  be  due 
to  this  surface  activity  of  a  substance.  Adsorption  may  be 
due  to  other  forces ;  for  instance,  a  colloidal  particle  would 
tend  to  attract  ions  of  positive  electric  charge  and  it  may  be 
consideied  adsorption  when  they  are  held  on  the  surface  of 
the  colloid.  Furthermore,  if  a  colloidal  particle  is  a  piece  of 
broken  crystal,  for  instance,  there  are  free  chemical  valences 
on  the  surface  and  it  may  combine  chemically  with  other 
substances.  Thus,  adsorption  may  be  a  surface  chemical 
combination  in  certain  cases. 


Imbibition.— The  swelling  of  a  substance  like  gelatin  when 
placed  in  water  is  called  imbibition.  The  gelatin  may  increase 
greatly  in  size  but  not  go  into  eolloidal  solution  if  the  water 
is  not  leated.  The  extent  of  swelling  is  influenced  by  the 
presence  of  salts,  acids,  bases,  and  such  substances  as  urea. 
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Salts  usually  repress  swelling  to  a  point  below  that  which 
would  be  reached  in  pure  water.  Acids  affect  it  differently, 
according  to  the  nature  of  the  colloid  and  the  pH  of  the  solu¬ 
tion,  there  being  a  pH  in  which  swelling  is  least.  The  same 
may  be  true  of  bases. 

Donnan  Equilibrium.— When  an  electrically  charged  colloid 
particle  is  restrained  by  being  in  a  gel  or  inside  a  membrane,  it 
attracts  oppositely  charged  ions  to  itself  and  upsets  the  osmotic 
equilibrium,  thus  causing  the  gel  to  swell  or  the  membrane  to 
bulge. 

Table  I 


PROTEIN 

pH  AT  ISOELECTRIC 
POINT 

Egg  albumin 

4.8 

Serum  albumin 

4.7 

Serum  globulin 

5.4 

Casein 

4.7 

Gliadin 

9.3 

Edestin 

7 

Oxyhemoglobin 

6.74 

Pancreas  nucleoprotein  (trypsin) 

3.52 

From  typhus  bacilli 

4.4 

From  paratyphus  bacilli 

4 

Fibrinogen 

5 

Table  II 


-LOG  Ka 

AMPHOLYTE 

-LOG  Kb 

pH  AT 
ISOELECTRIC 
POINT 

3.85 

Aspartic  acid 

11.92 

3.03 

4.39 

Glutamic  acid 

_ 

- - 

4.79 

m-Aminobenzoic  acid 

10.91 

3.79 

4.92 

p-Aminobenzoic  acid 

11.63 

4.20 

7.74 

Glycyl  glycine 

10.70 

5.52 

7.74 

Alanylglycine 

10.70 

5 .52 

7.82 

Leucylglycine 

10.52 

5.66 

8.28 

Asparagine 

11.74 

5.27 

8.40 

Tyrosine 

11.58 

5.41 

8.66 

Phenylalanine 

11.89 

5.35 

8.66 

Histidine 

8.24 

7.21 

9.70 

Alanine 

11.28 

6.72 

9.74 

Glycine 

11.55 

6.58 

9.74 

Leucine 

11.49 

6.54 

11.00 

Lysine 

7.00 

9.00 

13.96 

Arginine 

7.00 

10.48 

Isoelectric  Point. — Proteins  are  shown  to  be  positively  charged 
in  acid  solutions  and  negatively  charged  in  alkaline  solutions, 
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and  for  each  particular  protein  there  is  a  point,  or  probably 
a  zone,  in  which  it  is  neither  positively  nor  negatively  charged 
or  in  which  half  of  it  is  very  slightly  positively  charged  and 
the  other  half  very  slightly  negatively  charged.  This  point 
or  zone  is  called  the  isoelectric  point  or  isoelectric  zone f  and, 
although  it  is  characteristic  for  a  particular  protein,  it  may 
be  influenced  to  some  extent  by  the  presence  of  other  sub¬ 
stances  in  solution.  At  the  isoelectric  point  the  swelling  of  a 
protein  is  least,  and  as  acid  or  alkali  is  added  to  an  isoelectric 
protein,  swelling  is  increased.  On  the  other  hand,  huge  quan¬ 
tities  of  a  mineral  acid  may  act  somewhat  in  the  same  way  as 
a  salt  in  precipitating  certain  proteins.  Some  so-called  acids 
act  according  to  their  anion  characteristics,  a  question  which 
will  be  taken  up  in  the  precipitation  of  proteins. 


CHAPTER  II 

ELEMENTS,  INORGANIC  SALTS,  WATER 

Elements  Found  in  the  Body. — The  body  is  made  up  of  a 
large  number  of  chemical  elements  which  are  present  in  very 
unequal  amounts,  and  distributed  quite  unevenly  in  the  vari¬ 
ous  tissues  and  body  fluids.  Certain  of  these  elements  are  in 
all  living  cells,  others  only  in  particular  kinds  of  cells  or  in 
particular  animals.  Still  others  are  present  only  accidentally 
or  temporarily.  The  elements  observed  most  frequently  are  the 
nonmetals :  carbon,  hydrogen,  oxygen,  nitrogen,  sulphur,  and 
phosphorus ;  the  metals :  sodium,  potassium,  calcium,  magnesium 
and  iron ;  the  halogens :  chlorine,  iodine,  and  fluorine.  In  addi¬ 
tion,  there  are  many  other  elements,  such  as  silicon,  copper, 
manganese,  arsenic,  silver,  lead,  bromine,  lithium,  rubidium, 
cesium,  beryllium,  strontium,  barium,  tin,  cadmium,  zinc,  boron, 
aluminum,  cobalt,  germanium,  vanadium,  titanium,  chromium, 
and  molybdenum. 

Three  of  the  elements — carbon,  hydrogen,  and  oxygen — alone 
make  up  over  90%  of  the  body  weight.  The  concluson  should  not 
be  drawn,  however,  that  these  are  the  only  important  elements 
and  that  those  elements  or  compounds  present  in  small  amounts 
or  traces  are  relatively  unimportant  to  the  organism.  Quite  the 
contrary  may  be  the  case.  The  body  of  an  average-sized  adult 
man  contains  only  about  three  grams  of  iron,  and  yet  this  is  so 
necessary  that  a  growing  animal  fed  for  some  time  on  a  diet 
which  contains  no  iron  will  die  quite  as  surely,  though  of 
course  not  as  quickly,  as  if  it  had  been  deprived  of  food  alto¬ 
gether.  Striking  examples  of  this  principle  have  developed 
in  recent  years,  and  we  now  know  that  the  body  requires  cer¬ 
tain  compounds  of  which  nothing  was  known  a  few  years  ago. 

The  importance  to  the  body  of  the  individual  elements  ex¬ 
tends  much  beyond  the  function  of  serving  as  inert  building 
stones  out  of  which  the  body  materials  are  made  up.  Many  of 
the  chemical  reactions  in  the  body  are  greatly  influenced  or 
modified  by  certain  of  the  elements.  For  example,  two  important 
processes,  the  clotting  of  the  blood  which  tends  to  protect  a 
wounded  animal  from  bleeding  to  death,  and  the  clotting  of  milk 
in  the  stomach,  the  first  step  in  its  digestion,  are  dependent  upon 


42 


ELEMENTS,  INORGANIC  SALTS,  WATER  <*'3 

the  presence,  among  other  things,  of  calcium,  and  without  this 
metal  neither  of  these  reactions  can  occur. 

Table  III  gives  a  survey  in  round  numbers  of  the  percentage 
of  the  elements  present  in  the  body. 

Table  III 


Carbon 

17.5 

Hydrogen 

10.2 

Oxygen 

66 

Nitrogen 

2.4 

Sulphur 

0.2 

Phosphorus 

0.9 

Sodium 

0.3 

Potassium 

0.4 

Calcium 

1.6 

Magnesium 

0.05 

Iron 

0.005 

Chlorine 

0.3 

There  may  be  20  mg.  of  iodine  in  the  body. 

Carbon. — Carbon  has  the  property  of  forming  a  very  large 
number  of  compounds  with  hydrogen,  oxygen,  and  sometimes 
sulphur,  phosphorus  and  other  elements.  These  compounds  are 
so  numerous  that  a  separate  branch  of  chemistry  is  devoted  to 
them  under  the  name  of  organic  chemistry.  Thirty  per  cent  or 
more  of  the  body  consists  of  organic  material,  or  compounds 
of  carbon  with  hydrogen,  oxygen,  and  other  elements.  The  im¬ 
portance  of  these  compounds  is  so  great  that  special  chapters 
will  be  devoted  to  the  important  groups.  The  body  receives 
its  carbon  compounds  in  the  foods,  the  solid  portion  of  which 
is  very  largely  organic  material.  Aside  from  the  organic  com¬ 
ponents  of  the  tissues,  carbon  is  found  also  in  inorganic  form, 
chiefly  as  sodium  bicarbonate  in  the  blood.  This  latter  com¬ 
pound  is  of  great  importance,  since  it  has  the  power  of  neutral¬ 
izing  acids,  thus  protecting  the  tissues  when  acids  are  intro¬ 
duced  into  the  blood  either  from  the  digestive  tract  or  as  the 
result  of  the  breaking  down  of  body  materials.  Carbon  is 
eliminated  from  the  body  as  carbon  dioxide,  given  off  through 
the  lungs,  or  as  more  complex  compounds,  such  as  urea  and 
other  compounds  excreted  in  the  urine  or  in  the  feces 
Hydrogen  and  oxygen,  aside  from  being  constituents  of  water 

T83™  C°mp0unds'  PIay  ™re  specialized  rdlei 
m  the  body.  Oxygen,  which  makes  up  about  two-thirds  of 
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the  entire  body  weight,  is  taken  up  as  a  constituent  of  the 
compounds  in  the  food  and  in  the  process  of  respiration.  Hy¬ 
drogen,  the  presence  of  which  in  ionic  form  is  the  distinguishing 
characteristic  of  acids,  plays  an  important  part  in  the  digestion 
of  proteins  by  gastric  juice.  Hydrogen  and  oxygen  are  elimi¬ 
nated  from  the  body  chiefly  as  water  and  C02  given  off  through 
the  lungs,  and  in  the  urine,  sweat,  and  feces.  Hydrogen  is 
interesting  chiefly  as  hydrogen  ions,  which  have  already  been 
considered. 

Oxygen  gas  is  discussed  in  the  measurement  of  the  respira¬ 
tion  for  calculating  the  basal  metabolic  rate.  Outdoor  air  is 
one-fifth  oxygen,  which  would  at  normal  atmospheric  pressure 
be  approximately  150  millimeters  of  mercury  partial  pressure. 
In  arterial  blood  there  is  0.4  volume  per  cent  in  physical  solu¬ 
tion  (0.4  c.c.  gas  per  100  c.c.),  but  with  the  addition  of  that 
taken  up  by  the  hemoglobin  there  is  about  as  much  oxygen 
in  a  liter  of  blood  as  in  a  liter  of  air;  in  other  words,  there 
are  about  twenty  volumes  per  cent  in  arterial  blood  and  four¬ 
teen  volumes  per  cent  in  mixed  venous  blood.  When  the  partial 
pressure  of  oxygen  in  the  air  goes  down  to  35  millimeters  Hg, 
no  matter  how  fast  one  breathes,  one  can  have  only  as  much 
oxygen  in  the  arterial  blood  as  is  normally  found  in  mixed 
venous  blood;  hence  there  is  difficulty  in  getting  enough  oxy¬ 
gen.  It  makes  no  difference  whether  the  oxygen  partial  pres¬ 
sure  is  reduced  by  diluting  the  air  with  nitrogen  or  by  reducing 
the  atmospheric  pressure.  It  does,  however,  make  a  difference 
to  a  candle.  In  going  down  into  a  mine  as  long  as  a  candle 
will  burn  there  may  be  enough  oxygen  for  a  man  to  live,  but 
a  candle  will  burn  at  the  top  of  Mount  Everest,  yet  no  person 
has  been  able  to  climb  Mount  Everest  due  to  the  fact  that  there 
is  not  enough  oxygen  at  its  summit.  Tanks  of  oxygen  are 
too  heavy  for  men  to  carry  a  sufficient  supply  on  their  backs 
all  the  way  to  the  top;  they  can,  however,  be  carried  in  an 
airplane. 

In  the  ordinary  construction  of  houses  enough  fresh  air  leaks 
in  during  the  winter  through  walls  and  around  closed  windows 
and  doors  to  furnish  sufficient  oxygen ;  in  fact,  in  the  northern 
winter  there  is  a  complete  change  of  air  in  about  two  and  a 
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half  hours  when  the  interior  is  heated  to  a  comfortable  tem¬ 
perature.  The  ill  effects  of  bad  ventilation  are  erroneously 
attributed  to  lack  of  oxygen.  The  great  disadvantage  of  bad 
ventilation  is  interference  with  the  heat  regulation  of  the  body. 
Since  expired  air  has  sufficient  oxygen  in  it,  it  could  be  in¬ 
spired  again  without  any  deficiency  in  this  gas.  However,  it 
is  saturated  with  moisture  at  body  temperature  and  has  en¬ 
tirely  lost  its  ability  to  cool  the  body  by  evaporation.  If  a 
person  is  placed  in  air  that  has  just  been  expired,  the  tempera¬ 
ture  of  the  air  will  be  that  of  the  interior  of  the  body ;  it  will 
be  saturated  with  moisture  and  no  heat  can  be  eliminated 
either  by  evaporation  or  by  radiation  and  conduction,  and 
death  will  occur.  On  a  carbohydrate  diet  one  requires  slightly 
less  oxygen  to  produce  the  calorific  requirements  of  the  body 
than  on  a  fat  or  a  protein  diet.  Seven  cubic  feet  of  air  at  0°  C. 
per  person  per  minute  is  sufficient  ventilation,  but  7  times  this 
amount  is  usually  supplied  because  it  is  at  a  higher  temperature. 

Nitrogen  is  a  constant  constituent  of  proteins,  and,  although 
the  percentage  of  nitrogen  in  proteins  is  slightly  variable,  it 
averages  16%.  Atmospheric  nitrogen  can  be  used  only  by 
nitrogen-fixing  organisms,  such  as  the  bacteria  that  live  in  the 
nodules  on  the  roots  of  clover  and  other  leguminous  plants. 
Ammonia,  nitrites,  and  nitrates  may  be  utilized  by  plants  in 
general  and  built  up  into  proteins.  Animals  take  in  proteins 
as  food  and  in  this  way  get  their  fixed  nitrogen.  This  nitrogen 
is  excreted  in  the  urine  mainly  as  urea,  a  compound  of  am¬ 
monia  and  carbon  dioxide.  Since  outdoor  air  is  about  four- 
fifths  nitrogen,  some  of  this  gas  dissolves  in  the  blood  and 
tissues  of  the  body.  Ordinarily  it  causes  no  trouble.  When 
one  lives  in  compressed  air,  as  in  a  diving  bell  or  caisson  more 
nitrogen  dissolves  in  the  blood  and  tissues,  but  this  likewise 
causes  no  difficulty.  If,  however,  one  comes  rather  suddenly 
out  of  a  diving  bell  or  caisson  into  ordinary  air,  the  nitrogen 
oes  not  wait  to  be  blown  out  of  the  lungs  by  reversing  its 
course  into  the  tissues,  but  some  of  it  bubbles  out  of  solution 
These  bubbles  form  in  the  fatlike  tissues,  such  as  the  brain 
more  than  in  the  watery  tissues  because  the  nitrogen  is  more 
soluble  in  water  than  in  these  fatlike  substances,  and  cause 
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mechanical  disturbances  leading  to  caisson  disease  or  “bends.” 
If  deep-sea  fish  are  brought  to  the  surface  they  burst  open, 
or  bubbles  form  under  the  skin,  behind  the  eyeballs,  and  in 
the  body  cavity ;  the  eyes  are  bulged  out  and  the  intestine  is 
thrown  out  of  the  mouth. 

Sulphur  occurs  in  nearly  all  proteins  in  -SH  groups.  It  is 
more  abundant  in  skin  and  hair,  a  silver  comb  being  blackened 
by  use.  One  can  comb  the  -SH  groups  from  hair  in  the  form 
of  silver  sulphide.  When  protein  is  burned  in  the  body,  the 
sulphur  is  oxidized  to  sulphuric  acid.  Inorganic  sulphur  is 
taken  in  in  some  drinking  water,  particularly  alkaline  water. 
Sulphates  are  absorbed  rather  slowly  from  the  intestine  and 
are  excreted  largely  in  the  feces,  their  osmotic  pressure  hold¬ 
ing  water  and  making  the  feces  more  fluid. 

Calcium  phosphate  makes  up  about  85%  of  the  ash  of  bone; 
in  fact,  99%  of  the  calcium  and  90%  of  the  phosphorus  of  the 
body  are  in  the  bones  and  teeth.  Sodium  phosphate  is  found 
in  small  concentration  in  the  blood.  It  exists  mainly  as 
Na2HP04,  which  is  slightly  alkaline.  About  20%  of  it  exists 
as  NaH2P04  and  practically  none  as  Na3P04.  If  a  soluble 
calcium  salt  is  added  to  a  solution  of  Na3P04,  a  precipitate  of  the 
apatite  series,  which  is  analyzed  wrongly  as  Ca3(P04)2,  forms. 
It  is  erroneous  to  suppose  that  the  blood  is  supersaturated 
with  Ca3(P04)2.  If  the  calcium  phosphate  of  the  blood  were 
to  precipitate,  it  would  precipitate  as  CaHP04,  but  the  amount 
in  the  blood  is  not  sufficient  to  saturate  it  with  this  compound. 

A  deficiency  of  phosphorus  may  result  in  the  appearance  of 
rickets  in  infants  or  of  osteomalacia  in  adults.  The  soft  matrix 
of  the  bone  does  not  decrease,  but  there  is  a  decreased  amount 
of  mineral  in  it,  leading  to  soft  bones  similar  to  those  pro¬ 
duced  when  they  are  soaked  in  vinegar  for  a  month  or  so. 
These  soft  bones  become  misshapen  due  to  the  stress  put  upon 
them.  Those  in  the  joints  bulge  because  of  the  pull  of  the  mus¬ 
cles  and  tendons.  The  arms  and  legs  may  become  crooked  and 
likewise  the  spine.  The  ribs  may  sink  in,  often  being  sup¬ 
ported  in  their  lower  portions  by  the  liver,  so  that  there  is  an 
indication  of  the  upper  border  of  the  liver  by  the  collapse  of 
the  chest  (Harrison's  groove).  Infants  may  be  born  with 
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congenital  rickets,  in  which  there  is  cranio-tabes  or  soft  places 
in  the  skull.  The  teeth  will  be  ill-formed  and  irregularly  spaced, 
and  the  enamel  does  not  cover  the  dentin.  Such  teeth  easily 
decay.  The  reason  that  only  infants  develop  rickets  is  that 
rickets  is  a  disease  associated  with  growth.  The  end  (epiphysis) 
of  the  bone  has  not  united  with  the  shaft  (diaphysis)  but  is 
separated  by  a  rapidly  growing  layer  of  bone  in  formation. 
After  puberty  the  epiphysis  and  diaphysis  are  united ;  there¬ 
fore,  rickets  cannot  occur  in  the  adult,  but  the  calcium  phos¬ 
phate  which  is  already  deposited  in  the  bones  may  be  with¬ 
drawn  and  osteomalacia  result.  This  is  particularly  true  in 
pregnant  and  nursing  women  because  of  the  great  demand  of 
the  infant  for  calcium  phosphate,  which  passes  from  the  mother 
through  the  placenta  and  mammary  glands. 

Even  when  a  subject  fasted  for  a  month,  receiving  only  dis¬ 
tilled  water,  calcium  phosphate  was  eliminated  in  the  urine 
and  the  feces  to  the  end  of  the  fast.  Much  has  been  said  about 
the  absorption  of  calcium  phosphate  from  the  intestine,  and 
it  has  been  supposed  that  if  the  ratio  of  calcium  to  phosphorus 
were  the  same  as  in  tricalcium  phosphate,  it  would  be  insoluble 
and  would  not  be  absorbed ;  however,  if  one  eats  bone  or  rock 
phosphate,  it  is  absorbed  due  to  the  fact  that  the  hydrochloric 
acid  of  the  stomach  changes  this  rock  phosphate  to  “super¬ 
phosphate”  just  as  in  the  fertilizer  industry  insoluble  rock 
phosphate  is  changed  to  soluble  superphosphate  by  the  addi¬ 
tion  of  mineral  acid.  The  reaction  is 

2  HC1  +  Ca3(P04)2  =  2  CaHP04  +  CaCl2. 

Since  calcium  phosphate  is  excreted  by  the  intestine,  it  is  dif¬ 
ficult  to  tell  how  much  is  absorbed  from  the  intestine.  Bergeim 
showed  that  calcium  phosphate  is  absorbed  from  the  upper 
bowel  and  excreted  in  the  lower  bowel.  Richard  Johnson  has 
shown  that  it  is  not  excreted  by  the  large  intestine.  It  is, 
therefore,  necessary  to  determine  the  calcium  phosphate  excreted 
by  the  small  intestine  as  well  as  the  intake  and  the  total 
amount  eliminated  in  the  feces  in  order  to  determine  whether 
there  is  failure  of  absorption  by  the  small  intestine. 

If  a  baby  with  rickets  on  a  diet  low  in  phosphate  is  continued 
on  the  same  diet  but  with  the  addition  of  vitamin  D,  there  is 
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less  excretion  of  phosphate  and  hence  the  rickets  will  not  be 
so  severe  as  otherwise.  It  is  impossible  to  prove  that  there  is 
greater  absorption  of  the  phosphate  after  the  addition  of 
vitamin  D. 

Phosphate  rock  is  known  to  geologists  in  the  form  of  beau¬ 
tiful  crystals  of  the  apatite  series.  No  tricalcium  phosphate 
is  known  to  geologists,  apparently  the  reason  being  that  it  will 
not  form  a  crystal  lattice  without  the  addition  of  some  other 
substance.  One  of  the  most  common  of  the  apatite  series  is 
fluorapatite,  CaF2Ca9(P04)6,  in  which  case  the  ratio  of  the 
atoms  of  Ca  to  the  atoms  of  P  is  10  to  6.  The  same  ratio  occurs 
in  chlorapatite,  CaCl2Ca9(P04)6  and  in  what  has  been  called 
carboapatite,  CaC03Ca9(P04)6 ;  in  other  words,  there  are  about 
three  molecules  of  Ca3(P04)2  to  one  molecule  of  some  other 
calcium  salt.  In  francolite,  however,  there  are  less  than  three 
molecules  of  Ca3(P04)2  to  one  molecule  of  another  calcium  salt 
and  the  ratio  of  Ca  to  P  is  11  to  6.  Nelson  Taylor  and  others 
have  shown  that  the  mineral  of  the  bones  and  teeth  has  an 
x-ray  spectrograph  of  the  apatite  series.  By  analysis,  the 
enamel  of  the  teeth  has  too  small  an  amount  of  fluorine  for 
pure  fluorapatite  but  a  sufficient  amount  for  part  of  it  to  be 
francolite;  that  is,  fluorine  may  be  0.015%  of  the  enamel,  and 
the  formula  for  francolite  is  CaF2CaC03Ca9(P04)6.  The  enamel 
may  be  considered  an  apatite,  which  is  a  mixture  of  francolite, 
hydroxyapatite,  and  one  in  which  magnesium  replaces  some  of 
the  calcium.  Some  of  the  P  and  Ca  is  replaced  by  C.  Most  an¬ 
alyses  of  enamel  are  vitiated  by  the  inclusion  of  small  amounts 
of  dentin.  Armstrong  devised  a  method  of  separating  enamel 
from  dentin  by  the  difference  in  specific  gravity  and  gives  the 
following  analyses  of  enamel  and  dentin : 


Table  IV 

Composition  of  Normal  Enamel  and  Dentin 
(Armstrong  and  Brekhus) 


enamel 

dentin 

mean 

% 

STANDARD 

DEVIATION 

MEAN 

% 

STANDARD 

DEVIATION 

Ca 

35.352 

0.9777 

26.191 

0.1962 

P 

17.434 

0.3600 

12.748 

0.1285 

Mg 

0.302 

0.0419 

0.833 

0.0444 

C02 

3.00 

0.1873 

3.570 

3.360 

0.0854 

0.0884 
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Nitrogen  probably  exists  between  the  enamel  prisms  rather  than 
in  them.  Armstrong  and  Brekhus  show  more  fluorine  in  the 
enamel  from  sound  than  from  carious  teeth. 


Table  V 

State  of  Combination  of  Elements  of  Sound  Enamel  and  Dentin 

(Armstrong  and  brekhus) 


ENAMEL 

dentin 

MEAN 

STANDARD 

DEVIATION 

mean 

standard 

DEVIATION 

Ca 

P 

2.027 

0.0702 

2.054 

0.0173 

Ca  as 

CaC03 

2.733% 

0.1704 

3.249% 

0.0771 

Residual  Ca 
Total  P 

1.870 

0.0652 

1.799 

0.0862 

Residual  Ca 
Residual  P 

1.899 

0.0658 

1.907 

0.0292 

CaC03 

6.827% 

0.4256 

8.114% 

0.1941 

Ca3(P04)2 

85.868% 

1.4830 

60.160% 

0.5940 

Ca3(P04), 

CaC03 

12.577 

0.7653 

7.413 

0.2121 

Ca  as 

Ca3(P04)2 

33.230% 

0.5887 

23.279% 

0.2298 

Enamel— (OH) 2Ca8[  (Po.sCo.2) 024]  (Caa.iMgo.iCo.s) 
Dentin— (OH) 2Ca«[  (P6.5Co.s)024]  (Ca2.7Mg0.5Co.6) 


Bone  and  dentin  are  composed  of  a  base  of  ossein  (which  is 
indistinguishable  from  collagen  or  white  fibrous  connective  tis¬ 
sue),  impregnated  with  a  mineral  of  similar  composition  to 
enamel,  a  typical  analysis  of  bone  ash  being : 


Calcium  phosphate  85.0% 

Magnesium  phosphate  1.5% 

Calcium  fluoride  0.3% 

Calcium  chloride  0  2% 

Calcium  carbonate  10  0% 

Alkaline  salts  9  nc/ 


There  is  often  less  fluorine  and  more  carbonate  in  bone  or 
dentm  ash  than  in  enamel,  but  the  composition  is  similar  the 
formula  bemg  0aX*[CMPO4),]  where  »  is  not  less  than  15 

withTge  3'  Tl’e  Percentage  of  ash  of  b<™  may  increase 
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The  solubility  of  the  teeth,  particularly  the  enamel,  has  to 
do  with  their  preservation.  It  was  shown  by  Robb  and 
McClendon  that  crystals  of  fluorapatite  suspended  in  sterile 
saliva  for  months  would  not  dissolve  to  the  extent  of  weigh- 
able  amounts  until  the  acidity  of  the  saliva  was  made  as  high 
as  pH5,  and  then  with  extreme  slowness;  in  fact,  there  is  abun¬ 
dant  observation  that  calcium  phosphate  mixtures  deposit  on 
the  teeth  from  the  saliva.  At  the  same  time  the  pH  of  the 
saliva  under  one  of  these  crusts  may  be  very  different.  It  has 
been  shown  at  the  Michigan  Agricultural  College  that  teeth  of 
rats  decay  when  pieces  of  cracked  cereal  grain  are  driven  into 
the  cracks  and  allowed  to  remain  for  a  considerable  time. 
Whether  they  do  mechanical  damage  or  merely  prevent  the 
saliva  from  getting  in  and  neutralizing  the  acid  is  not  clear. 
It  was  shown  by  May  Mellanby  that  vitamin  D  prevented  had 
teeth  in  puppies  with  rickets  and  also  improved  the  teeth  of 
children.  McCollum  has  shown  that  a  good  diet  is  better  for 
the  teeth.  There  is  an  inverse  relation  between  dietary 
fluorine  and  caries. 

The  solubility  of  fluorapatite  is  extremely  low.  Robinson 
has  supposed  that  tricalcium  phosphate  is  deposited  in  the 
bones  (and  teeth)  when  the  solubility  product  is  exceeded, 
according  to  the  equation : 

(Ca++)3  x  (P04---)2  =  R 
Ca3(P04)2 

This  solubility  product  is  never  exceeded  because  the  ion 

P04 - is  practically  absent,  the  phosphate  ion  being  mainly 

HP04- ",  but,  according  to  Robinson,  in  the  bone  an  enzyme, 
phosphatase,  hydrolyzes  phosphoric  esters  of  glycerol  and 
sugar,  liberating  phosphoric  acid.  Of  course,  this  would  form 
the  ion  H2PO,_  in  greatest  amount,  but  if  sufficient  alkali  was 
present  to  replace  the  three  hydrogens  of  the  phosphoric  acid, 

P04 - would  appear;  in  fact,  Robinson  assumes  a  pH  of  8.4. 

At  this  pH,  however,  most  of  the  phosphate  would  be  in  the 
form  of  HP04__. 

The  lack  of  calcium  in  the  diet  produces  possibly  a  more 
severe  condition  than  the  lack  of  phosphorus,  but  it  is  not  so 
easily  detected  because  of  the  fact  that  lack  of  calcium  ictaids 
growth.  With  a  lack  of  phosphorus  babies  develop  rickets, 
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and  rachitic  babies  are  often  fat  babies.  They  are  indolent 
and  do  not  use  up  much  energy  in  muscular  exercise.  The 
lack  of  phosphorus  does  not  retard  growth  to  the  extent  that 
the  lack  of  calcium  does.  Rickets  is  a  growth  abnormality. 
Without  growth  of  the  tissue  between  the  epiphysis  and  di- 
aphysis  the  characteristic  deformities  of  rickets  will  not  appear. 
Lack  of  calcium  not  only  retards  the  growth  of  the  whole 
body  but  also  retards  the  growth  of  bone  tissue  to  even  a 
greater  extent  than  is  usual  in  general  starvation.  Waters,  at 
the  University  of  Missouri,  showed  that  if  a  calf  is  kept  on 
normal  but  reduced  rations  so  that  the  body  weight  remains 
constant,  the  skeleton  grows  and  the  skin  shrinks.  However, 
if  calcium  is  omitted  from  the  diet,  the  bone  tissue  shrinks. 
This  was  earlier  shown  in  the  attempt  to  produce  rickets  by 
lack  of  calcium,  and  the  more  careful  observers  described  the 
results  as  pseudorachitic  osteoporosis.  A  number  of  recent 
workers  have  mistaken  this  condition  for  rickets,  but  the  gross 
appearance  of  the  bones  is  very  different.  In  rickets  the  joints 
are  enlarged  and  the  marrow  cavity  is  normal.  In  osteoporosis 
the  joints  are  of  normal  size,  but  the  marrow  cavity  is  greatly 
enlarged  due  to  the  absorption  not  only  of  the  mineral  matter 
of  the  bone  but  also  of  the  ossein.  In  the  extreme  condition 
bone  would  be  lost  from  the  body  instead  of  being  of  abnormal 
composition,  as  in  rickets.  Many  persons,  who  have  worked  on 
the  assumption  that  a  lowered  solubility  product  [Ca++] 
[H P04  ]  in  the  blood  would  cause  solution  of  the  mineral 
matter  of  the  bone,  have  claimed  that  rickets  could  be  pro¬ 
duced  by  low  calcium,  and  on  the  assumption  that  increase  in 
this  solubility-product  inside  the  intestine  would  prevent  the 
absorption  of  calcium  and  phosphorus,  claim  that  an  upsetting 
of  the  ratio  in  the  food  would  cause  rickets.  In  normal  bone 
formation,  between  epiphysis  and  diaphysis  the  cartilage  cells 
are  arranged  in  regular  rows,  and  in  rickets  the  rows  become 
irregular,  probably  due  to  deformation  of  the  surrounding  tis¬ 
sue  which  is  soft.  Many  diagnoses  of  rickets  have  been  made 
on  the  arrangement  of  the  cartilage  cells.  This  is  not  the  usual 
conception  of  rickets,  however,  which  is  a  condition  in  which 
the  joints  enlarge  and  are  soft.  Rickets  is  not  regularly  pro¬ 
duced  by  calcium  starvation  but  by  phosphorus  starvation.  In 
(ase  calcium  starvation  does  cause  rickets,  the  parathvrnul 
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glands  are  enlarged  and  there  is  an  increased  phosphate  ex¬ 
cretion  by  the  kidneys  causing  a  deficiency  of  phosphate.  Cal¬ 
cium  starvation  produces  osteoporosis,  and  there  is  usually  no 
increase  in  the  amount  of  ossein;  in  fact,  there  is  usually  a  de¬ 
crease  in  the  amount,  and  the  bone  remains  of  normal  composi¬ 
tion  and  fractures  easily,  owing  to  the  decreased  amount  of 
bone  tissue. 

There  is  an  osteoporosis  in  scurvy,  and  the  bones  fracture 
easily,  particularly  in  the  regions  of  bone  formation;  for  in¬ 
stance,  at  the  costochondral  junction  of  the  ribs.  These  frac¬ 
tures  then  heal  and  may  lead  to  enlargement  or  beading  of  the 
ribs.  The  beading  of  the  ribs  in  rickets  is  due  to  a  soft  tissue, 
ossein.  The  beading  of  the  ribs  in  osteoporosis  in  scurvy  is 
due  to  fractures  and  a  failure  to  set  the  pieces  back  in  their 
original  alignment,  the  overriding  and  rotation  of  the  pieces 
leading  to  enlargement  of  the  diameter  of  the  bone.  Robb 
showed  that  in  scurvy,  which  is  due  to  lack  of  vitamin  C,  the 
bones  and  teeth  dissolve  and  pass  out  in  the  urine ;  on  the  way 
out  calcium  salts  may  be  deposited  in  hemorrhages  in  the 
muscles  and  other  places,  but  they  finally  reach  the  urine. 
The  cementum,  which  is  a  layer  of  bone  between  the  jaw  bone 
and  the  teeth,  disappears,  and  the  teeth  are  loosened  in  their 
sockets.  The  odontoblasts  cease  forming  dentin  and  congre¬ 
gate  in  the  pulp  cavity.  If  vitamin  C  is  again  supplied,  they 
form  dentin  without  moving  back  to  their  proper  places.  This 
dentin  has  then  the  structure  of  bone  (since  the  bone  is  char¬ 
acterized  by  a  less  regular  arrangement  of  the  forming  cells 
than  is  dentin)  and  is  called  osteodentin. 

Osteoporosis  has  been  called  a  symptom  of  senility.  Not 
only  is  the  marrow  cavity  enlarged  but  the  haversian  canals 
are  also  enlarged,  and  the  lacunae  in  which  the  osteoblasts  lie 
are  enlarged.  In  the  ends  of  the  bone  the  bony  supporting 
work  is  more  delicate  and  therefore  fragile. 

Osteoporosis  is  lessened  by  vitamin  D  in  the  diet;  in  fact, 
vitamin  D  is  not  solely  an  antirachitic  substance  but  also  an 
antiosteoporotic  substance.  During  the  development  of  osteo¬ 
porosis  the  concentration  of  Ca+  +  in  the  blood  is  decreased. 

Sidney  Ringer  showed  that  calcium  ions  as  well  as  sodium 
and  some  other  ions  have  a  protective  action  on  the  tissues. 
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Without  calcium  ions  the  irritable  tissues  become  hyperirri- 
table.  It  is  found  that  when  the  calcium  ions  in  the  blood  are 
decreased  muscular  twitching  may  occur  or  muscles  may  be 
unusually  excitable,  small  stimuli  producing  contractions. 
This  condition  js  called  tetany  or  spasmophilia,  and  is  an  accom¬ 
paniment  of  the  development  of  osteoporosis.  The  administra¬ 
tion  of  either  calcium  salts  or  vitamin  D  may  relieve  spasmo¬ 
philia.  Another  substance  which  may  relieve  spasmophilia  is 
parathormone,  the  hormone  of  the  parathyroid  glands.  It  raises 
the  calcium  concentration  of  the  blood  by  dissolving  the  bones. 

With  lack  of  vitamin  D  in  the  diet  the  body  is  very  sensitive 
to  the  level  of  calcium  and  phosphorus  in  the  diet.  One  day 
there  might  be  a  deficiency  of  phosphorus  and  another  day 
there  might  be  a  deficiency  of  calcium.  It  takes  a  long  time 
for  the  great  deformities  of  rickets  to  develop,  and  during  this 
time  there  must  be  a  deficiency  of  phosphorus,  but  once  the 
deformities  are  developed  they  remain  sometimes  throughout 
life.  The  soft  masses  of  osteoid  tissue  (ossein)  become  miner¬ 
alized  and  harden,  fixing  the  deformities.  Such  a  person  may 
on  certain  days  eat  a  diet  deficient  in  calcium,  the  body  being 
still  deficient  in  vitamin  D.  In  such  cases  spasmophilia  may 
develop.  This  has  led  to  the  popular  notion  that  spasmophilia 
is  associated  with  rickets,  whereas  it  is  more  closely  associated 
with  osteoporosis,  but  the  rachitic  diet  and  the  osteoporotic 
diet  may  alternate  in  the  same  individual,  the  spasmophilia 
appearing  during  the  period  of  osteoporotic  diet  and  not  dur¬ 
ing  the  period  of  rachitic  diet. 

According  to  Sherman  the  calcium  requirement  of  the  diet 
is  0.8  gram  per  day. 

Seventy  per  cent  of  all  the  magnesium  in  the  body  is  in  the 
bones  and  teeth  and  has  already  been  referred  to.  Magnesium 
and  calcium  in  the  blood  will  be  taken  up  under  blood. 

Sodium  Chloride  and  Carbonate.— The  sodium  in  our  diet 
is  largely  in  form  of  the  chloride,  added  as  such.  The  average 
person  takes  in  and  excretes  about  10  g.  of  sodium  chloride 
per  day.  In  the  blood,  however,  part  of  the  sodium  is  in  the 
orm  of  chloride  and  part  as  bicarbonate,  the  latter  being 
nown  as  the  alkali  reserve  of  the  blood  and  will  be  consid¬ 
ered  under  that  heading.  The  body  can  manufacture  sodium 
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bicarbonate  out  of  sodium  chloride,  but  the  reverse  is  not  pos¬ 
sible.  Therefore,  chlorides  are  a  necessary  constituent  of  the 
diet.  About  2  to  3  liters  of  0.1  N  HC1  are  secreted  by  the  stomach 
in  a  day  and  then  reabsorbed  from  the  intestine.  If,  however, 
chlorides  are  not  included  in  the  diet,  they  will  continue  to  be 
excreted  in  the  urine,  and,  finally,  there  will  be  a  failure  of 
the  stomach  to  secrete  hydrochloric  acid.  If  bromides  are 
substituted,  hydrobromic  acid  will  be  secreted.  It  has  been 
stated  that  certain  aborigines  in  Africa  will  give  a  wife  for 
a  pound  of  salt — so  highly  is  sodium  chloride  prized,  and  cara¬ 
vans  brave  the  heat  and  thirst  of  the  Sahara  Desert  in  order 
to  bring  salt  to  these  people.  Wild  animals  go  to  salt  licks  for 
their  salt  and  hunters  are  known  to  drink  the  blood  of  animals 
to  satisfy  their  desire  for  salt,  whereas  porcupines  will  eat  axe 
handles  in  order  to  obtain  the  salt  remaining  from  sweat.  The 
excretion  of  sodium  chloride  in  sweat  is  so  great  that  stokers 
on  ocean  liners  who  sweat  a  great  deal  are  subject  to  stokers’ 
cramps  due  to  the  loss  of  salt  in  this  way.  The  condition  may 
be  relieved  by  giving  them  salt  water  to  drink  to  quench  their 
thirst. 

From  the  work  of  Ringer  and  others  we  have  learned  that 
about  a  1  per  cent  solution  of  sodium  chloride  is  a  fair  protec¬ 
tive  solution  for  tissues,  particularly  if  it  is  contaminated  with 
a  little  blood  or  tissue  juice.  This  is  called  physiological  salt 
solution.  For  frogs  the  solution  should  be  not  over  two-thirds 
as  concentrated. 

Since  the  kidney  can  excrete  either  sodium  or  chloride  in 
excess,  sodium  chloride  administration  is  a  convenient  method 
for  making  up  a  deficiency  either  of  sodium  or  of  chloride,  and 
is,  perhaps,  less  dangerous,  particularly  when  injecting  it  into 
the  blood,  than  the  injection  of  either  hydrochloric  acid  or 
sodium  carbonate.  In  diabetes  an  increased  sodium  chloride 
ration  should  be  provided.  Although  a  normal  person  maj  de¬ 
velop  an  edema  or  dropsy  when  more  than  about  60  g.  of  so¬ 
dium  chloride  a  day  is  taken,  a  diabetic  may  take  such  quan¬ 
tities  with  impunity. 

Potassium  is  a  constituent  of  every  living  cell  and  with  the 
natural  sources  of  the  food  supply  it  is  never  deficient  in  our 
diet.  Both  animal  and  plant  tissues  have  a  superabundance 
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of  potassium  salts.  It  seems  probable  that  milk  lias  a  super¬ 
abundance  of  potassium,  although  some  pediatricians  have 
added  potassium  salts  to  cow’s  milk  when  feeding  it  to  babies. 
Bunge  supposed  that  part  of  our  need  of  sodium  is  due  to  the 
excess  of  potassium  in  the  food.  He  found  that  when  one  took 
potassium  salts,  the  kidney  could  not  readily  separate  potas¬ 
sium  from  sodium.  In  getting  rid  of  the  excess  potassium, 
much  sodium  was  lost  through  the  kidneys.  For  that  reason 
(Bunge  stated)  we  put  salt  on  meat  and  potatoes  when  we 
eat  them.  When  tissues  are  broken  down,  potassium  is  excreted 
in  the  urine,  but  when  they  are  built  up  much  or  all  of  the  potas¬ 
sium  of  the  food  is  retained. 

Stimulating  and  Depressing  Ions. — Sidney  Ringer  showed 
what  salts  are  necessary  to  keep  such  tissues  as  heart  muscle 
in  good  condition.  In  physiological  laboratories  it  was  once 
the  custom  to  place  nerve-muscle  preparations  in  physiological 
salt  solution,  but  many  students  have  been  discouraged  by  the 
fact  that  the  muscle  would  start  to  twitch  spontaneously.  This 
may  be  avoided  by  using  Ringer’s  solution  instead  of  physio¬ 
logical  salt  solution.  It  is  the  calcium  in  Ringer’s  fluid  which 
prevents  the  spontaneous  twitching.  Ringer  showed  that  not 
only  the  irritability  of  tissue  is  affected  by  salts  but  also  the 
mechanical  power  of  muscular  contraction  is  dependent  on 
them.  If  a  frog’s  heart  is  placed  in  physiological  salt  solu¬ 
tion,  it  will  beat  spontaneously,  but  the  beats  will  grow  less 
and  less.  This  is  called  the  hypodynamic  heart.  If  calcium 
ions  are  now  added  in  the  form  of  some  soluble  calcium  salt,  the 
strength  of  the  beats  will  be  increased. 

It  is  pei  haps  best  to  try  to  distinguish  the  effect  of  these  ions 
on  irritability  from  their  effect  on  muscular  power  and  other 
processes.  The  heart  ol  the  vertebrate  contains  so  many  irritable 
tissues  that  it  is  difficult  to  interpret  the  results  of  experiments, 
from  a  large  number  of  experiments  that  were  carefully 
done,  it  seems  evident  that  the  ions  of  sodium,  potassium, 
and  hydroxyl  increase  the  irritability,  whereas  the  ions  of  cal- 
cium,  magnesium,  and  hydrogen  decrease  the  irritability,  but 
carefully  graded  experiments  are  necessary— for  instance,  if  the 
heart  of  a  conch  is  perfused  or  soaked  in  sea  water  it  is 
not  easily  possible  to  increase  the  sodium  ions,  as  this 
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would  increase  the  osmotic  pressure  too  much,  but  the  ratio  of 
sodium  to  calcium  can  be  increased  by  lowering  the  calcium. 
In  this  case  the  heart  will  beat  at  a  faster  rate.  In  a  similar 
way  it  is  shown  that  an  increase  of  potassium  ions  causes  a 
more  rapid  heartbeat ;  in  this  case,  for  instance,  it  is  simply 
necessary  to  add  KC1,  but  one  must  then  be  very  careful  because 
at  a  certain  increase  in  potassium  the  heart  will  be  caused  to 
contract  violently  (systole)  and  remain  contracted,  and  with¬ 
out  relaxation  it  cannot  perform  any  more  beats.  Therefore, 
potassium  will  stop  the  heartbeats.  If,  however,  magnesium 
is  increased  in  the  perfusing  fluid,  the  rate  of  heartbeat  will 
become  less  and  less,  and  it  will  finally  cease  to  beat  alto¬ 
gether,  but  in  this  case  it  will  cease  in  diastole  or  the  relaxed 
condition.  With  calcium  a  similar  observation  may  be  made 
as  with  magnesium.  Calcium  is,  however,  extremely  toxic  and 
too  heavy  a  dose  will  kill  the  tissue,  in  which  case  it  will  un¬ 
dergo  death  rigor  and  shrivel  up.  This,  however,  is  not  a  nor¬ 
mal  contraction. 

At  any  rate,  it  is  always  shown  that  an  increase  in  the  cal¬ 
cium  ions  in  the  blood  quiets  the  nerves,  whereas  a  decrease 
produces  a  hyperirritability  or  spasmophilia.  An  increase 
in  the  hydroxyl  ions  may  take  place  if  sodium  carbonate  or 
hydroxide  is  injected  into  the  blood.  In  this  case  tetany  may 
result. 

If  large  quantities  of  calcium  and  magnesium  salts  are  taken 
by  mouth,  they  are  not  readily  absorbed  or,  if  absorbed,  they 
are  again  excreted  into  the  intestine.  If  calcium  chloride  is 
taken,  hydrochloric  acid  is  absorbed  and  calcium  hydroxide  com¬ 
bines  with  other  substances  in  the  intestine.  Magnesium  salts 
are  very  poorly  absorbed  and  increase  the  osmotic  pressure  and 
hence  the  bulk  of  the  feces.  Since  both  magnesium  salts  and 
sulphates  are  poorly  absorbed,  magnesium  sulphate  (Epsom 
salts)  increases  the  bulk  of  the  feces. 

Iron  is  a  necessary  constituent  of  the  body,  existing  mainly 
in  the  hemoglobin  or  red  coloring  matter  of  the  blood.  There 
may  be  only  a  few  grams  of  iron  in  an  adult,  but  the  taking 
of  soluble  iron  salts  increases  it.  Besides  the  liemogloUn  and 
cytochrome,  or  substances  similar  to  hemoglobin  but  existing  in 
all  cells,  there  are  other  compounds  of  iron  in  the  body.  Some 
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of  these  result  from  the  breaking  down  of  hemoglobin  of  worn- 
out  red  blood  cells.  The  spleen  is  rich  in  iron,  and  the  spleen 
has  been  associated  with  the  breaking  up  of  red  blood  cells. 
The  liver  is  rich  in  iron,  and  some  derivatives  of  the  breaking 
up  of  red  blood  cells  are  excreted  in  the  bile. 

The  iron  in  the  urine  is  usually  not  greater  than  about  12  mg. 
per  day,  and  this  amount  must  be  supplied  in  food.  Green 
leaves,  egg  yolk,  red  meats,  and  blood  are  relatively  high  in 
iron.  If  a  plant  does  not  absorb  enough  iron  from  the  soil,  its 
leaves  will  be  yellow.  If  now  the  leaves  are  sprayed  with  a  dilute 
solution  of  iron  salt,  each  spot  where  the  iron  drops  will  turn 
green  in  a  few  days. 

Milk  and  white  flour  and  sugar  are  deficient  in  iron.  The 
prolonging  of  the  nursing  period  of  infants  beyond  the  normal 
limit  without  the  addition  of  iron-containing  foods  may  result 
in  anemia  or  a  lowering  of  the  hemoglobin  content  of  the  blood. 

It  has  been  shown  that  copper  is  also  necessary  for  the  for¬ 
mation  of  hemoglobin  in  the  nursling.  Green  leaves,  liver, 
and  mollusks  with  green  blood,  such  as  oysters,  are  rich  in 
copper. 

Iodine. — Although  fluorine,  bromine,  chlorine,  and  iodine 
form  a  similar  group,  the  halogens,  and  chloride,  bromide,  and 
iodide  are  more  or  less  innocuous  when  injected  in  reasonable 
amounts  into  the  blood,  fluorides  are  toxic  due  to  the  precipi¬ 
tation  of  calcium  (and  have  already  been  considered  in  rela¬ 
tion  to  bones  and  teeth).  Bromides  are  said  to  be  somewhat 
sedative  when  given  instead  of  common  salt,  but  are  consid¬ 
ered  drugs  and  not  foods.  Iodides  are  used  as  drugs  to  increase 
the  secretion  of  respiratory  passages  and  thus  loosen  the  secre¬ 
tions  in  case  of  a  cold.  They  are  also  used  to  dissolve  syph¬ 
ilitic  gummas  and  as  much  as  15  g.  of  potassium  iodide  have 
been  taken  in  a  day.  After  taking  potassium  iodide,  iodine 
may  be  found  in  the  saliva,  urine,  and  milk  (in  fact,  it  can  be 
demonstrated  in  the  urine  as  quickly  as  the  urine  can  be  col¬ 
lected),  but  the  main  interest  in  iodine  is  as  a  constituent  of 
the  thyroid  hormone  which  Kendall  isolated  and  gave  the 
name  thyroxine;  he  showed  that  it  contains  more  than  65  per 
cent  iodine.  Iodine  is  the  rarest  halogen  and,  although  it  oc¬ 
curs  in  the  rocks,  it  is  in  very  small  amounts.  It  may  occur  in 
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the  soil  formed  by  decomposition  of  rock  in  a  higher  concen¬ 
tration  than  in  the  rock  itself,  but  these  are  old  soils.  Where 
the  soil  has  been  rubbed  off  by  glaciers,  the  new  soil  formed 
is  relatively  poor  in  iodine.  Seaweeds  concentrate  the  iodine 
from  water,  and  the  dry  weight  of  the  large  brown  seaweed 
known  as  “kelp”  may  be  0.5  per  cent  iodine.  Some  other  or¬ 
ganisms  concentrate  it,  and  perhaps  in  this  way  it  is  concen¬ 
trated  in  the  soil.  Green  leaves  contain  more  than  other  parts 
of  plants  because  water  evaporates  from  the  leaves  and  evapo¬ 
ration  concentrates  the  soluble  salts.  Besides  seaweed,  marine 
invertebrates  are  rich  in  it.  It  is  an  integral  constituent  of 
the  skeletons  of  bath  sponges  and  sea  fans  (gorgonians). 
Marine  fish  have  much  less  than  sponges  but  more  than  fresh¬ 
water  fish.  It  appears  that  the  body  requires  about  0.02  mg. 
of  iodine  daily  in  the  food,  but  the  exact  amount  is  difficult 
to  determine  due  to  the  difficulty  of  analysis. 

Goiter  occurs  in  persons  who  have  a  deficiency  of  iodine  in¬ 
take  (Fig.  4).  For  this  reason  goiter  is  associated  with  certain 
regions  (Figs.  5  and  6),  but  with  modern  transportation  of  foods 
the  localization  of  the  goiter  regions  is  becoming  more  and  more 
obscure.  Thus,  Albany  was  once  a  goitrous  region,  but  with  mod¬ 
em  transportation  of  sea  food  from  the  New  England  coast,  goi¬ 
ter  has  been  driven  back  to  Buffalo.  It  has  been  often  assumed 
that  if  we  eat  natural  foods  we  get  a  sufficiency  of  all  elements, 
but  a  calf  will  not  live  on  its  mother’s  milk  more  than  nine  or 
ten  months.  It  must  have  a  greater  variety  of  food.  The 
American  Indians  ate  plants  or  drank  decoctions  of  plants  of 
more  than  five  hundred  genera  and  ate  quite  a  variety  of  ani¬ 
mals.  It  has  been  shown  in  many  parts  of  the  country  that 
Indians  had  less  .goiter  than  white  people  of  the  same  area. 
This  may  be  due  to  food  habits.  In  the  Pacific  Northwest  in 
particular,  the  Indians  eat  the  salmon  that  swim  up  the 
streams  from  the  sea,  bringing  iodine  in  their  bodies,  and  those 
Indians  have  much  less  goiter  than  the  whites  of  that  region. 
Persons  of  Scandinavian  descent  show  a  greater  tendency  to 
goiters  than  other  persons  in  the  same  region,  but  this  may 
be  due  to  the  body  build.  Race  may  make  a  difference  in  the 
incidence  of  noticeable  goiter,  but  it  is  probable  that  the  food 
habits  that  are  associated  with  race  have  a  greater  influence. 
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Japan  and  Formosa  are  similar  geologically  and  in  both  the 
people  are  of  mixed  races,  but  goiter  is  much  more  prevalent 
in  Formosa  than  in  Japan.  This  may  be  due  to  the  Japanese 
habit  of  eating  seaweed.  A  more  complete  deficiency  of  iodine 
causes  cretinism. 


Fig-.  4.  Japanese  woman  with  nodular  goiter  (adenoma  of  the  thyroid). 

(T.  Imai.) 


Water  makes  up  about  two-thirds  of  the  body  weight  of  all 
mammals  and  a  much  larger  part  of  some  lower  animals. 
Some  misconceptions  have  arisen,  however.  It  has  been  stated 
that  a  jellyfish  is  99.5%  water.  By  this  is  meant  99.5%  sea 
water,  but  sea  water  is  only  96.5%  water,  the  rest  being  salts. 
"  1  tissues  contain  water,  the  bones  and  the  teeth  having  the 

roLBl00d’  lymph’  the  digestive  juices,  and  urine  are  from 
80-90%  water.  Many  soft  tissues  are  about  75%  water.  Water 
orms  the  basis  of  the  circulating  medium  for  transportating 
food  and  waste  material  to  and  from  the  cells.  It  holds  vari- 
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ous  substances  in  solution  and  makes  ionization  possible.  It  is 
the  medium  for  the  solution  of  waste  products  in  mammals. 
Birds  and  reptiles,  however,  must  economize  water  since  the 


Fig.  5. — Rough  division  between  more  and  less  goiterous  regions.  The 
interiors  of  Madagascar,  Tasmania,  New  Zealand,  Java,  Sumatra,  Borneo, 
Ceylon,  Formosa,  England  and  some  other  islands  are  goiterous. 


Goiter 


Fig.  6.— Simple  goiter  in  the  United  States  per  1000  drafted  men. 

r,f  the  American  Medical  Association.) 


(Journal 


reptiles  are  mainly  desert  animals  and  the  birds  make  long 
flights  without  being  able  to  drink.  They  excrete  an  almost 
solid  urine.  Water  is  the  great  heat  regulator  of  the  body. 
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It  distributes  the  heat  from  one  part  of  the  body  to  another, 
making  the  interior  of  the  body  of  uniform  temperature,  and 
by  evaporation  from  the  lungs  and  skin  it  aids  in  the  regula¬ 
tion  of  body  temperature.  If  about  fifteen  pounds  of  water 
are  evaporated  from  the  body,  the  heat  regulating  mechanism 
is  disturbed  and  dehydration  fever  results.  An  animal  may 
survive  for  many  days  without  nourishment,  but  if  water  is 
also  withheld,  death  follows  in  a  short  time.  Jackson  showed, 
however,  that  white  rats  could  live  a  week  in  the  shade  on  a  diet 
of  air-dried  grains  and  similar  materials  (without  drink).  These 
substances  are  usually  not  over  12%  water,  but  since  they  are 
largely  carbohydrate  and  the  formula  of  carbohydrate  is 
(CH20)n,  considerable  water  is  obtained  from  the  metabolism 
of  food,  just  as  water  may  be  condensed  from  the  exhaust  of 
a  gasoline  engine.  The  idea  of  drinking  wrater  to  flush  out 
waste  products  of  the  body  does  not  seem  logical.  Water  is 
necessary  mainly  for  heat  regulation  and  the  secretion  of 
urine,  but  ordinarily  only  50  c.c.  of  water  per  hour  pass  out 
in  the  urine.  If  excessive  amounts  of  water  are  drunk,  as  in 
case  of  stokers  on  ocean  liners,  there  may  be  some  loss  of 
necessary  constituents  of  the  body.  Rowntree  showed  that  if 
more  than  800  c.c.  of  water  are  drunk  per  hour,  the  kidneys 
cannot  eliminate  all  the  excess  and  water  intoxication  occurs. 
Much  more  water  than  this  passes  through  the  glomeruli  of 
the  kidney,  but  much  of  it  is  reabsorbed  by  the  loop  of  Henle. 
If  the  kidney  is  poisoned  with  mercury  to  just  the  right  ex¬ 
tent,  there  is  less  water  reabsorbed  and  more  appears  in  the 
urine. 


Since  the  digestion  of  food  is  mainly  hydrolysis,  the  more 
water  mixed  with  it  during  the  digestion  the  better;  therefore, 
the  drinking  of  water  at  meals  may  appear  to  be  a  good  thing! 
Since,  however,  the  stomach  and  other  digestive  organs  secrete 
nearly  6  liters  of  fluid  a  day  which  is  poured  into  the  food 
smaller  quantities  of  water  drunk  with  meals  are  of  less  sig! 
nmcance.  It  has  been  maintained  that  in  the  formation  of 
adipose  tissue  water  accumulates  in  the  tissue  before  the 
eposition  of  fat  and  hence  water  may  be  an  element  in  fat¬ 
tening  (and  dehydration  may  be  an  element  in  reducing)  If 

rrvi  Ty  great’  dehydration  f^er  occurs  and  the 
body  fat  will  be  burned  at  a  higher  rate. 


CHAPTER  III 


FATS,  PHOSPHOLIPINS,  GAL ACTOLIPIN S, 

STEROLS 


Distribution  and  Importance. — The  fats  are  widely  distrib¬ 
uted  in  nature,  in  both  plants  and  animals.  In  the  former  they 
are  found  in  seeds,  such  as  cotton  seed,  the  castor  bean;  in 
fruits,  such  as  olives ;  in  nuts  and  also  in  the  leaves  and  roots 
of  plants.  In  animals  they  are  found  in  most  tissues  and 
fluids.  The  amounts  in  the  tissues  vary  considerably.  The  ac¬ 
tive  living  protoplasm  contains  only  about  1-10%,  whereas  mar¬ 
row  and  fatty  tissue  may  contain  80%.  The  fats  are  of  impor¬ 
tance  as  fuels  for  the  body  and  may  be  the  chief  source  of 
calories  in  the  diet.  They  are  laid  away  in  large  deposits 
which  also  serve  the  purpose  of  insulating  the  body  by  form¬ 
ing  a  blanket  layer  which  aids  in  the  conservation  of  heat. 
There  is  a  layer  of  subcutaneous  fat,  and  there  are  also  large 
deposits  around  the  abdominal  viscera.  Considerable  quanti¬ 
ties  are  found  in  the  intramuscular  connective  tissue. 

Composition  and  Structure. — The  fats  are  made  up  of  car¬ 
bon,  hydrogen  and  oxygen.  Oxygen  is  present  in  a  small  per¬ 
centage.  The  constituent  parts  of  the  fats  are  the  triatomic 
alcohol,  glycerol  or  occasionally  some  other  alcohol,  and  fatty 
acids.  It  is  of  interest  that  the  acids  making  up  the  body  fats 
have  even  numbers  of  carbon  atoms  in  their  molecules,  prob¬ 
ably  due  to  their  formation  from  acetic  acid  by  a  process  simi¬ 
lar  to  aldol  condensation  (Knoop).  The  following  list  gives  the 
names  and  formulas  of  some  of  the  important  fatty  acids: 


Butyric 

Caproic 

Caprylic 

Capric 

Palmitic 

Stearic 


CH3CH2CH2COOH 

CHgCHjCHjCHjCHjCOOH 

CH3(CH2)8COOH 

CHs(CH2)8COOH 

CH3(CH2):4COOH 

CH3(CH2)16COOH 


(C4h,o2) 

(C8h12o2) 

(C8H1602) 

( c10H20o2) 
(ClfiH32  0  2) 
(C18H  86  0  2) 


The  acids  listed  above  are  all  saturated  compounds ;  that  is,  they 
contain  no  double  bonds  uniting  carbon  atoms.  An  acid  found 
in  a  large  number  of  fats  is  oleic  acid,  which  has  the  same  num- 
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ber  of  carbon  atoms  as  stearic  acid,  but  two  less  hydrogen  atoms. 
It  is  thus  C18H3402  and  its  formula  is 

CH3(CH2)7CH  =  CH(CH2)7COOH. 

It  is  an  unsaturated  acid,  and  contains  a  double  bond.  Fats 
containing  this  acid  have  a  lower  melting  point  than  those  con¬ 
taining  the  corresponding  saturated  compound.  The  following 
formula  illustrates  the  structure  of  a  fat. 


0 

II 

CH  —  0— C— R 

0 

I  II 

CH— 0— C— R 
0 
II 

CH2— 0— C— R 


R  is  the  remainder  of  an  acid  molecule.  If  the  fat  were  tri¬ 
stearin,  R  would  represent  a  chain  of  16  CH2  groups  with  a 
CH3  group  at  the  far  end.  Fats  are  thus  triatomic  esters  of 
glycerol  and  a  fatty  acid.  The  three  R’s  may  be  all  the  same 
fatty  acid,  or  they  may  be  different.  There  is  thus  the  possi¬ 
bility  of  having  a  large  number  of  different  fats,  differing  in 
the  kind  of  fatty  acid  present.  This  possibility  is  realized  in 
nature,  and  a  large  number  of  different  fats  are  known.  The 
naturally  occurring  fats  are  rarely  made  up  of  a  single  kind 
of  fat,  but  usually  are  mixtures  of  various  kinds,  such  as 
tripalmitin,  tristearin,  and  triolein,  as  the  fats  from  these  re¬ 
spective  acids  are  called.  Oleic  acid  has  a  very  low  melting 
point,  and  triolein  also  melts  at  a  low  temperature.  The  pres¬ 
ence  of  much  triolein  in  a  fat  lowers  its  melting  point,  often  to 
such  an  extent  that  the  fat  is  liquid  at  ordinary  room  tempera¬ 
ture.  Such  fats  are  called  oils.  Other  unsaturated  acids  are 

found  in  some  fats,  or  “oils,-  and  they  exert  a  similar  in¬ 
fluence. 


Aiming  those  unsaturated  acids  are  linoleic  (C1SH320,)  with 

bond  m  m8.  a"d  lin°Ieni0  (C‘«H“°‘>  with  three  double 
bonds.  0.1s  which  contain  considerable  amounts  of  the  esters 

of  these  acids  undergo  oxidation  easily  and  are  converted  into 

a  hard  resinous  material  when  exposed  to  air  and  light.  They 
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are  called  drying  oils,  and  are  used  in  paints  and  varnishes. 
Linseed  oil  is  an  example  of  this  group.  Others,  such  as  cot¬ 
tonseed  oil,  only  thicken  on  exposure  to  air  and  light ;  they  are 
called  semidrying  oils.  Olive  oil  does  not  harden  under  similar 
circumstances  and  is  classed  as  a  nondrying  oil.  Wheat  germ 
oil  and  palm  oil  contain  antioxidants  (hydroxy phenols).  While 
these  substances  are  not  all  vitamin  E,  the  potency  of  an 
oil  with  respect  to  this  vitamin  is  in  direct  proportion  to  its 
antioxidant  power. 

General  Properties. — The  solid  fats  are  white  or  light  yellow 
substances,  which  if  pure  are  odorless  and  tasteless.  The  oils 
are  often  yellow  and  frequently  have  a  decided  taste  and  odor. 
They  are  insoluble  in  water,  somewhat  soluble  in  cold  alcohol 
but  much  more  so  in  hot  alcohol,  and  soluble  in  ether,  chloro¬ 
form  and  benzene.  From  solutions,  the  fats  may  often  be  ob¬ 
tained  in  crystalline  form  as  long  needles.  The  specific  grav¬ 
ities  of  all  the  fats  and  oils  are  less  than  that  of  water,  hence 
they  float  at  the  surface.  They  reduce  the  surface  tension  of 
water.  The  naturally  occurring  fats  and  oils  do  not  have  sharp 
melting  points,  since  they  are  mixtures  of  different  kinds  of 
fats.  Even  pure  fats  often  show  much  indefiniteness  in  melting 
point.  Some  melt,  resolidify  at  a  slightly  higher  temperature, 
and  if  further  warmed,  melt  again.  This  is  supposed  to  be  due 
to  the  fact  that  an  internal  rearrangement  in  the  molecule  is 
brought  about  by  heating. 

Saponification. — If  a  fat  is  boiled  with  an  alkali  or  auto¬ 
claved  with  water,  it  is  split  into  fatty  acids  and  glycerol. 
This  process  is  known  as  saponification.  If  an  alkali  is  used, 
the  fatty  acids  react  with  the  alkali  to  form  salts.  These  salts 
of  the  higher  fatty  acids  have  a  slippery  feeling,  and  their 
solutions  foam  on  being  shaken.  They  are  called  soaps.  The 
accompanying  equation  illustrates  the  process: 

0 

CHjO  -  C.  C„H3S  CH.OH 

o  I 

-HO  —  C  .  C„HS.  3  NaOH  -*  CHOH  +  3C„HssCOONa 

10  + 
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The  process  is  best  carried  out  in  alcoholic  solution.  Sodium 
soaps  are  known  as  hard  soaps ;  potassium  soaps,  which  are  but¬ 
tery  in  consistency,  are  known  as  soft  soaps.  Calcium  soaps 
are  very  hard  and  insoluble.  Soap  is  a  useful  cleansing  agent. 
Soiled  articles  are  usually  covered  with  a  layer  of  fatty  mate¬ 
rial  which  entangles  and  holds  particles  of  insoluble  inorganic 
“dirt.”  Soap  emulsifies  the  fat  and  the  remaining  material  is 
carried  away  by  the  water  or  by  the  lather,  which  takes  up  the 
particles  of  dirt  mechanically. 

Since  calcium  soaps  are  very  insoluble,  hard  Abater  is  not 
best  for  washing  purposes,  as  the  calcium  precipitates  the  soap 
added,  and  thus  interferes  with  its  cleansing  activities^ 

Emulsification. — If  neutral  oil  and  water  are  shaken  to¬ 
gether  vigorously,  and  the  mixture  allowed  to  stand,  it  will 
quickly  separate  into  two  layers,  oil  and  water.  If  a  small 
amount  of  soap  solution  is  added  to  this  mixture  and  the  shak¬ 
ing  repeated,  the  liquid  becomes  milky  in  appearance,  and  even 
after  prolonged  standing  will  fail  to  separate  into  two  layers. 
The  fat  is  said  to  be  emulsified.  On  examining  such  a  mix¬ 
ture  under  the  microscope,  it  will  be  seen  to  be  filled  with 
minute  globules  of  oil  suspended  in  the  water.  Soap  is  by  no 
means  the  only  substance  which  will  favor  the  formation  of  an 
emulsion.  Albumin,  gums,  such  as  gum  arabic,  and  a  variety 
of  other  compounds  will  bring  about  a  similar  result.  Lymph 
will  emulsify  a  fat,  and  if  a  drop  of  lymph  and  a  drop  of  oil 
aie  bi  ought  in  contact  on  a  microscope  slide,  the  oil  may  be  seen 
to  break  up  into  minute  droplets  and  enter  the  lymph  drop. 

Physiologically  the  formation  of  emulsions  is  of  great  im¬ 
portance.  In  digestion  in  the  stomach  only  emulsified  fats  are 
attacked  to  any  extent.  In  the  intestine,  fats  of  the  food  are 
emulsified  by  the  bile,  a  process  which  is  extremely  im¬ 
portant  for  their  proper  digestion  and  absorption.  The  mech- 
amsm  of  emulsion  formation  has  been  the  subject  of  much 
study.  It  is  believed  that  the  soap,  albumin,  or  other  emulsi¬ 
fying  agent  collects  around  the  tiny  fat-droplets  and  serves  to 
insulate  them  and  thus  lessen  the  tendency  to  run  together, 
he  lowering  of  the  surface  tension  is  also  a  factor  in  the  pro- 

Z  ■<  Td  *****  a,S°  eleCtrical  for“s  tend- 
°  t0  repeI  the  similarly  charged  particles  of  fat. 
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Milk  is  an  example  of  a  fairly  permanent  emulsion.  The 
fat-droplets  are  suspended  in  a  liquid  which  contains  protein. 
On  standing,  a  considerable  portion  of  the  milk  fat  will  rise 
to  the  surface.  When  removed  from  the  skimmed  milk  be¬ 
neath,  .this  is  known  as  cream.  On  churning,  the  emulsion  re¬ 
verses  and  butter  is  formed. 

Rancid  Fats. — Many  natural  fats,  upon  standing,  acquire  a 
disagreeable  taste  and  odor.  This  is  due  to  the  splitting  of 
some  of  the  neutral  fat  into  glycerol  and  fatty  acids  and  oxi¬ 
dative  splitting  at  the  double  bonds  of  unsaturated  acids.  The 
lower  fatty  acids,  such  as  those  found  in  butter,  have  a  very 
disagreeable  taste  and  odor,  hence  the  character  of  “rancid” 
butter. 

Detection  and  Identification. — Acrolein  Test. — Fats  are  easily 
detected  by  their  physical  properties,  such  as  solubility,  appear¬ 
ance  and  greasiness.  A  test  given  by  all  common  fats  is 
known  as  the  acrolein  test.  If  a  fat  is  heated  to  300°,  it  is  de¬ 
composed.*  The  glycerol  portion  of  the  molecule  loses  water 
and  forms  the  unsaturated  compound  acrolein.  The  test  is 
obtained  more  readily  if  the  fat  is  heated  with  a  dehydrating 
agent,  such  as  potassium  acid  sulphate,  boric  acid  or  phosphorus 
pentachloride.  Acrolein  is  easily  recognized  by  its  extremely 
sharp  and  irritating  odor.  Since  only  substances  containing  glyc¬ 
erol  give  the  test,  it  may  be  used  to  distinguish  between  fats 
and  fatty  acids  or  soaps. 


CHoOH 

I 

CH  OH 


ch2 

II 

CH  ' 


+  2II..0 


CHO 

Acrolein 


oh2oh 

Glycerol 

Melting  Point. — The  melting  points  of  the  natural  fats  are 
not  sharp,  since  natural  fats  usually  are  mixtures.  They  often 
melt,  solidify  on  further  heating,  and  melt  again  at  a  higher 
temperature.  Those  fats  whose  melting  points  are  below  or¬ 
dinary  room  temperature  are  called  oils.  The  melting  points 
of  fats  in  animal  tissues  are  generally  below  the  usual  tempera¬ 
ture  of  those  tissues,  so  that  the  body  fats  are  in  a  fluid  state. 

♦  In  frying’,  olive  oil  begins  to  decompose  at  165°,  lard  190°,  corn  oil  200  , 
and  cottonseed  oil  205°. 
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The  fats  of  cold  blooded  animals  melt  at  lower  temperatures 
than  those  of  warm  blooded  animals. 

Saponification  Number—  The  saponification  number  is  the 
number  of  milligrams  of  potassium  hydroxide  necessary  to  neu¬ 
tralize  the  fatty  acids  produced  by  the  saponification  of  one 
gram  of  fat.  The  smaller  the  molecular  weight  of  the  acids 
in  the  fat,  the  larger  will  be  the  number  of  molecules  in  a  gram, 
and  the  higher  the  saponification  number.  Fats  made  up  of 
palmitic,  stearic  and  oleic  acid,  such  as  lard,  have  a  saponifica¬ 
tion  number  around  195.  Butter,  which  contains  also  fatty  acids 
of  low  molecular  weight,  has  a  saponification  number  around 
227.  These  two  substances  may  be  distinguished  easily  in 
this  way. 

Volatile  Fatty  Acids. — Reichert-Meissl  Number. — A  method 
is  used  to  give  evidence  of  the  amount  of  volatile  fatty  acids  in 
a  fat.  The  fat  is  liydrolj-zed  with  alkali,  acidified  with  sul¬ 
phuric  acid,  and  distilled.  The  fatty  acids  of  low  molecular 
weight  distil  over  and  may  be  titrated.  Those  of  higher  molec¬ 
ular  weight  are  not  volatile  and  remain  behind.  The  number 
of  cubic  centimeters  of  A/10  alkali  required  to  neutralize  the 
volatile  fatty  acids  from  5  grams  of  fat  is  called  the  Reichert- 
Meissl  number.  For  butter  fat  the  number  is  25-30. 


Iodine  A  umber. — The  acids  which  contain  double  bonds,  such 
as  oleic  acid,  will  take  up  iodine  bromide  or  chloride,  adding  on 
two  atoms  of  the  halogen  for  each  double  bond.  By  this  process 
it  is  possible  to  determine  how  much  unsaturated  acid  is  present 
in  a  fat.  The  weight  of  iodine  in  centigrams  equivalent  to  IC1 
taken  up  by  a  gram  of  oil  is  known  as  the  iodine  number,  and 
Ibis  is  used  to  identify  fats.  For  butter  fat  the  number  is  26-50. 

Acetyl  Number.— Some  fats  contain  liydroxyacids,  that  is 
acids  containing  hydroxyl  groups.  These  groups  may  be  re- 
p  aced  by  acetyl  groups,  which  in  turn  may  be  split  off  and 
the  resulting  acetic  acid  titrated.  The  number  of  milligrams 
of  potassium  hydroxide  required  to  neutralize  the  acetic  acid  ob¬ 
tained  from  1  gram  of  fat  in  which  the  hydroxyl  groups  have 
een  1  ep  acec*  acetyl  groups  is  known  as  the  acetyl  number. 

fnJ'th  Va''0U!  feCt0,'S  described  abo™  hav«  been  determined 
for  the  important  natural  fats,  and  variations  in  one  or  more 
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of  these  characteristic  constants  are  of  great  service  in  deter¬ 
mining  whether  a  given  fat  or  oil  is  pure,  or  has  been  adul¬ 
terated. 

Individual  Fats. — Tristearin,  tripalmitin  and  triolein  are  the 
three  fats  occurring  most  frequently  in  natural  fats. 

Tristearin,  or  stearin,  as  it  is  often  called,  melts  first  at 
about  55°,  resolidifies  and  melts  again  at  about  71°.  It  is  a 
hard,  flaky  material,  and  the  least  soluble  of  the  three.  It  is 
obtained  from  tallow.  Mixed  with  a  little  paraffin  to  make  it 
less  brittle  it  is  moulded  into  candles.  Free  stearic  acid  is  found 
in  old  pus,  in  gangrenous  or  tuberculous  masses,  where  de¬ 
composition  of  fat  has  taken  place.  It  is  found  in  blood  and 
bile,  and  as  its  calcium  soap  in  the  feces. 

Tripalmitin,  or  palmitin,  is  found  in  all  animal  and  most 
vegetable  fats,  notably  in  palm  oil,  whence  it  derives  its  name. 
It  predominates  in  human  fat.  It  melts  first  at  about  50°,  re¬ 
solidifies,  and  melts  again  at  about  66°. 

Triolein,  or  olein,  is  found  in  animal,  and  to  a  greater  extent 
in  vegetable  fats  and  oils.  It  melts  at  -6°  and  is  thus  a 
liquid  (an  oil)  at  room  temperature.  The  presence  of  olein 
lowers  the  melting  point  of  natural  fats.  If  exposed  to  the  air. 
olein  quickly  becomes  rancid.  Oleic  acid,  by  reason  of  its 
double  bond,  will  take  up  iodine  as  described  above. 

Butter. — Butter  contains  about  85%  fats,  the  remainder  be¬ 
ing  buttermilk.  About  7%  of  this  is  made  of  lower  fatty  acids. 
Of  the  remainder,  60-70%  is  palmitin,  and  30-40%  olein.  But¬ 
ter  contains  very  little  stearin. 

Oleomargarine  is  a  misnomer.  It  was  supposed  to  be  a  mix¬ 
ture  of  olein  and  margarin,  an  odd  carbon  fat,  but  the  “mar¬ 
garine”  was  later  found  to  be  a  mixture  of  palmitin  and  stearin. 
It  is  made  usually  from  beef  fat.  The  fat  is  melted,  cooled, 
the  oily  portion  pressed  out  and  this  mixed  with  various  sub¬ 
stances,  such  as  peanut  oil  or  lard,  and  finally  churned  up  with 
milk  to  give  it  a  butter  flavor.  “Nut  butter”  often  lacks 

vitamins. 

Substances  containing  alcohols  other  than  glycerol  are  often 
classed  as  waxes. 
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Since  fatty  acids  of  long  chain  may  be  formed  from  those 
of  short  chain  and  vice  versa,  and  fats  may  even  be  formed 
from  carbohydrates  or  proteins,  the  necessity  of  fats  in  the 
diet  has  been  questioned.  The  earlier  work  on  this  problem 
was  vitiated  by  the  failure  to  supply  fat  soluble  vitamins. 
Burr  and  Burr  were  able  to  prepare  a  diet  for  white  rats  which 
contained  the  necessary  vitamins  but  was  so  low  in  fat  that 
the  animals  died.  One  drop  of  linseed  oil  a  day  would  bring 
the  animal  to  a  state  of  health  or  keep  it  so.  Butter  was  less 
valuable  and  the  more  linolic  or  arachidonic  acids  the  fats  con¬ 
tained  the  more  valuable.  Burr  thought  that  these  animals, 
lacking  fat  in  the  diet,  had  no  fatty  acid  compounds  in  their  tis¬ 
sues,  but  Jackson  has  shown  this  to  be  erroneous.  They  do  have 
some  fatty  acid  compounds  in  their  tissues.  At  the  same  time 
they  develop  an  eczema  and  finally  die  from  lack  of  fat.  Raw 
linseed  or  corn  oil  has  been  used  by  Hansen  to  cure  eczema  in 
human  beings.  During  the  war,  the  minimum  fat  ration  for  a 
person  was  calculated  by  commissions  controlling  food  dis¬ 
tribution.  This  was  based  on  the  desire  of  human  beings  for  fat. 
Further  discussion  will  be  taken  up  in  the  chapter  on  fat  me¬ 
tabolism. 


Phospholipins,  Galactolipins,  and  Sterols 


A  large  number  of  substances  have  been  isolated  from 
animal  and  plant  tissues  which  have  certain  similarities  to 
the  fats,  such  as  solubilities  and  general  appearance.  Some 
of  these  compounds  are  related  chemically  to  the  fats.  Sub¬ 
stances  of  this  nature  are  found  in  all  cells,  both  animal  and 
■vegetable,  and  particularly  in  the  brain  and  nerve  tissues. 
The  composition  of  some  of  them  is  known,  whereas  in  the  case 
of  others,  we  have  no  assurance  that  the  substances  reported 

are  single  compounds  and  not  mixtures  of  closely  related 
compounds. 


The  term  lipoid  has  been  used  to  designate  these  “  fatlike  ” 
bodies,  but  the  term  has  been  used  in  so  many  different  con¬ 
nections  that  MacLean  suggests  it  be  abandoned.  He  proposes 
e  name  “lipins”  for  the  two  groups,  phospholipins  and  galac- 
ipms.  These  substances,  which  may  be  obtained  from  various 
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tissues  by  extraction  with  ether,  yield,  among  other  things, 
fatty  acids  on  hydrolysis. 

The  phospholipins  contain  both  nitrogen  and  phosphorus,  and 
on  hydrolysis  yield  phosphoric  acid,  glycerol,  fatty  acids,  and 
a  nitrogen  base,  such  as  choline  or  amino-ethyl  alcohol.  They 
are  classified  on  the  basis  of  the  relative  amounts  of  nitrogen 
and  phosphorus  which  they  contain.  Lecithin,  cephalin  and 
sphingomyelin  are  the  best  known  members  of  the  group. 

Lecithin. — Lecithin,  classed  as  a  pliospholipin,  is  one  of  the 
interesting  compounds  of  this  type.  It  is  found  in  all  cells,  in 
greatest  amount  in  egg  yolk  which  contains  about  10%. 
Lecithin  is  soluble  in  absolute  alcohol  and  in  ether,  but  may 
be  precipitated  from  the  latter  solution  by  adding  acetone.  On 
hydrolysis  lecithin  yields  higher  fatty  acids,  glycerol,  phos¬ 
phoric  acid  and  an  organic  base,  choline.  It  is  believed  to  have 
the  following  formula,  where  It  indicates  a  fatty  acid  residue: 

0 

II 

ch2o  —  c  —  r 

0 

II 

CH  0  —  C  —  R 

CH2. 

0  —  CH2  —  CH„  N  ( CHS )  3OH 

\  / 

P 

/  \ 

0  OH 

Recent  studies  have  made  it  seem  probable  that  much  of  the 
“fat”  of  the  tissues  and  the  blood  is  in  reality  lecithin.  It 
appears  that  the  body  easily  synthesizes  lecithin,  so  that  it  is 
not  a  necessary  constituent  of  the  diet.  In  fact  the  lecithin  of 
the  food  is  hydrolyzed  by  the  lipase  in  the  intestine  into  fatt} 
acids,  choline,  and  glycerophosphoric  acid. 

Cephalin  (kephalin)  is  a  substance  similar  to  lecithin  but 
containing  amino-ethyl  alcohol  as  the  base  instead  of  choline. 
As  its  name  implies,  it  occurs  in  the  brain  but  also  in  every 
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cell  in  the  body.  It  is  supposed  that  the  first  step  in  blood 
clotting  is  the  liberation  of  cephalin  from  the  blood  platelets 
or  tissue  cells,  and  this  question  will  be  taken  up  in  the  chap¬ 
ter  on  tissues. 

Sphingomyelin  differs  from  lecithin  and  cephalin  in  having 
two  nitrogenous  bases  instead  of  one,  whereas  lecithin  and 
cephalin  are  mono-amino-mono-phospholipins  and  sphingo¬ 
myelin  a  di-amino-mono-phospholipin  and  includes  two  nitrog¬ 
enous  bases,  choline  and  sphingosine.  The  structure  of  sphingo¬ 
myelin  is : 

II  II 

0  0  0 

(H3C)3NCH2CH„—  0— P-0— CHoCHCH— NHCO(CH,),2CII3 

I  I 

0  CH 

H  || 

CH 

I 

(CH2)12 

I 

CH, 

Sphingomyelin  is  formed  from  phosphoric  acid  by  ester  union 
with  choline  on  the  one  hand  and  sphingosine  on  the  other,  one 
of  the  hydroxyl  groups  of  sphingosine  being  used  for  ester 
union  with  phosphoric  acid  and  the  nitrogen  atom  being  used 
for  imid  union  with  lignoceric  acid,  which  is  C23H47COOH. 

Galactolipins,  obtained  chiefly  from  the  brain,  contain  nitro¬ 
gen,  but  no  phosphorus.  On  hydrolysis  they  yield,  among  other 
things,  the  carbohydrate  galactose  or  one  of  its  derivatives. 
The  only  three  substances  definitely  known  to  be  individuals  in 
Ibis  group,  and  not  mixtures,  are  phrenosin,  kerasin,  and  nervon. 
Little  is  known  of  the  functions  of  the  cerebrosides,  but  their 
presence  in  the  brain  is  sufficient  to  make  them  interesting. 

The  galactolipins  are  said  to  be  galactosides,  that  is  to  say, 
they  have  a  glucoside  structure  in  which  galactose  is  the 
sugar,  and  they  have  been  classified  with  the  sugar  derivatives 
on  the  assumption  that  the  sugar  was  the  most  characteristic 
group.  Many  persons,  however,  have  classed  them  with  the 
fat  derivatives,  for  they  occur  in  the  myelin  sheaths  of  the 
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nerves  together  with  other  fatty  acid  compounds.  They  form 
liquid  crystals,  that  is  to  say,  crystals  with  rounded  edges, 
which  when  deformed  by  pressure  spring  back  to  their  origi¬ 
nal  pillowlike  form.  Under  the  polarizing  microscope  they 
show  the  same  appearance  as  ordinary  crystals.  The  rounding 
of  the  corners  is  due  to  the  fact  that  the  surface  tension  is 
greater  than  the  force  of  the  crystal  lattice.  Local  changes  in 
surface  tension  due  to  diffusion  of  dissolved  substances  which 
lower  their  surface  tension  result  in  ameboid  movements  of 
these  liquid  crystals  with  resulting  “myelin  forms.” 
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Phrenosin 

contains  phrenosinic  acid,  C24H4803,  and  combines  in  imid  union 
with  the  nitrogen  of  sphingosine,  the  hydroxyl  being  used  for 
glucoside  union  with  galactose,  a  sugar. 

Kerasin 
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Kerasin 
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differs  from  phrenosin  in  that  phrenosinic  acid  is  replaced  by 
lignoceric  acid,  C24H4802.  In  Gaucher’s  disease  kerasin  may 
form  5%  of  the  spleen. 

Nervon 

H30(0H3)70H:CH(CH2);j3CO 


H3°  ( ^2 )  12CH :  CHCHCHCHgOH 
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ho"  h  H 


Nervon 

contains  nervonic  acid,  C24H4602. 


Sterols 


Ordinary  gallstones  are  formed  of  a  solid  alcohol  and  hence 
the  name  “sterol.”  This  alcohol  crystallizes  in  plates,  and 
since  it  occurs  in  the  bile,  it  is  called  cholesterol.  Similar  sub¬ 
stances  from  plants  are  grouped  under  the  term  “phytosterol,” 
meaning  plant  solid  alcohol.  Of  these,  one  of  the  first  obtained 


was  from  ergot  or  rye  smut,  a  fungus,  and  called,  therefore, 
ergosterol ;  it  is  of  considerable  interest.  It  has  been  claimed 


that  sterols  can  be  formed  from  squalene,  which  is  a  terpene 
of  animal  origin.  The  terpenes  are  almost  exclusively  con¬ 
fined  to  plants.  They  form  the  most  interesting  ingredients 
of  essential  oils  from  which  perfumes  are  made.  Through  the 
simplest  member,  isoprene,  they  are  related  to  rubber.  The 
simplest  terpenes  are  compounds  of  carbon  and  hydrogen,  but 
derivatives  containing  oxygen  are  common  and  are  known  as 
camphors;  thus  menthol  is  mint-camphor.  It  has  long  been 
thought  that  sterols  were  related  to  terpenes,  and  the  deriva¬ 
tion  from  squalene  would  seem  to  confirm  this  opinion  They 
have  a  ring  structure  which  is  now  considered  after  the  work 
of  Rosenheim  and  King  to  be  the  cholane  riii" 

o  • 
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Cholane 


Fig.  7,  on  following  page,  prepared  by  Harold  Lundgren 
shows  the  relation  of  cholesterol  to  many  interesting  biochemi¬ 
cal  substances,  some  of  which  will  be  taken  up. 

Cholesterol  may  be  easily  detected  by  color  tests.  To  2  c.c. 
of  a  chloroform  solution  10  drops  of  acetic  anhydride  and  3 
drops  of  concentrated  sulphuric  acid  are  added.  If  cholesterol 
is  present  in  the  chloroform  solution,  a  violet  color  appears 
which  quickly  turns  to  a  blue  green.  Whereas  cholesterol  is 
in  no  sense  a  fat  or  a  fatty  acid,  it  is  soluble  in  some  fat 
solvents  and  may  be  removed  in  extracting  tissue  to  remove 
fat.  Furthermore,  owing  to  its  hydroxyl  group  it  may  replace 
glycerol  in  a  fat,  that  is  to  say,  combine  in  ester  union  with 
a  fatty  acid.  Such  compounds  constitute  lanolin,  wool  fat, 
which  forms  the  basis  of  salves  and  ointments. 

Cholesterol  and  lecithin  waterproof  the  cells  by  preventing 
them  from  dissolving  in  surrounding  watery  fluids.  This  sur¬ 
face  waterproof  layer  has  been  called  the  plasma  membrane. 
The  exact  structure  of  the  plasma  membrane  is  not  known, 
but  its  thickness  is  of  the  order  of  magnitude  of  a  dozen  car¬ 
bon  atoms.  It  would  appear  then  that  it  might  be  just  one 
molecule  thick.  It  was  shown  by  Pascucci  that  the  ratio  of 
cholesterol  to  lecithin  in  the  surface  of  red  blood  corpuscles 
had  much  to  do  with  their  resistance  to  various  detrimental 
agents,  and  the  effects  of  cholesterol  and  lecithin  on  the  action 
of  bacterial  toxins,  immune  bodies,  and  snake  venoms  on  the 
blood  have  been  studied.  Some  of  these  substances,  known  as 
hemolysins,  attack  the  plasma  membrane  and  destroy  its  in¬ 
tegrity  so  that  the  red  pigment  comes  out  of  the  blood  cor¬ 
puscle.  The  plasma  membrane  not  only  protects  the  cells  from 
being  damaged  by  water  from  without  but  also  prevents  the 
loss  of  water.  If,  for  instance,  we  take  two  pieces  of  tissue, 
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teosterone  is  usually  called m-ogesternn*  PnH  fiT? ‘?.ogeniJ  compounds.  Lu¬ 
cernes  estriol  and  dihydrotheelm es&adiof dTW™*n’  estr?ne'  Theelol  be- 
of  progesterone  with  the  side  chain  nntL  Testosterone  has  the  structure 

tuted  by  OH.  (L^ndgren :  Icience  130,  ^ 3  50  &  (C°CHs)  SUbSti- 
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for  example  green  leaves  or  slices  of  potato  or  animal  tissue, 
and  put  them  on  two  pans  of  a  balance,  they  will  continue  to 
balance  one  another  so  that  the  beam  remains  horizontal.  If, 
however,  the  plasma  membranes  of  one  of  them  are  damaged, 
whether  by  a  powerful  electric  shock  or  by  heat  or  by  ex¬ 
posure  to  a  toxic  gas,  the  pan  with  the  normal  tissue  on  it  will 
sink  and  the  one  with  the  damaged  plasma  membrane  will  rise, 
due  to  the  evaporation  of  water  from  the  cells,  making  it 
lighter  in  weight. 

It  seems  probable  that  the  waterproofing  and  electric 
insulating  properties  are  the  chief  functions  of  cholesterol 
in  the  body.  This  electric  insulating  property  is  valuble 
in  the  myelin  sheaths  of  the  nerves,  which  are  insulators. 
The  nerve  impulse,  which  is  propagated  along  the  nerve 
fiber,  may  pass  from  one  fiber  to  another  by  electric  charges, 
and  in  order  to  prevent  passage  of  the  impulse  from  one 
fiber  to  the  other  when  they  are  closely  packed,  the  myelin 
sheath  is  valuable  as  an  insulator.  Cholesterol  occurs  in  bile, 
but  its  function  is  not  clearly  understood.  It  is  excreted  in 
the  bile  and  reabsorbed  by  the  intestine.  It  may  be  synthesized 
by  the  body  so  that  life  can  exist  on  a  sterol-free  diet. 

Plant  sterols  are  not  easily  absorbed  by  the  intestine.  Schon- 
heimer  supposed  that  they  were  not  at  all  absorbed.  He  per¬ 
formed  an  ileostomy  on  a  dog,  that  is,  brought  the  small 
intestine  to  the  outside,  then  sewed  up  the  end  of  the  large 
intestine  that  would  normally  connect  with  the  small  intestine. 
In  this  way  he  showed  that  sterols  were  excreted  by  the  large 
intestine.  By  feeding  sterols  of  a  peculiar  structure  and 
analyzing  the  body  after  death,  he  was  able  to  find  out  whether 
they  were  absorbed  in  any  great  amounts.  One  of  the  most 
important  plant  sterols  is  ergosterol.  From  the  chart  it  will 
be  observed  that  its  structure  is  similar  to  cholesterol,  the  main 
difference  being  the  double  bonds.  This  slight  difference  in 
structure  prevents  its  being  absorbed  as  readily  as  cholesterol. 
If,  however,  it  is  irradiated  with  ultraviolet  light,  it  is  changed 
over  into  calciferol,  vitamin  D2. 

Vitamin  D  and  calciferol  may  be  absorbed  by  the  intestine, 
as  likewise  may  cholesterol.  If  overdoses  of  animal  steiols  or 
calciferol  are  absorbed  by  a  rabbit,  they  are  deposited  in  the 
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walls  of  the  arteries  and  produce  a  condition  called  “athero¬ 
sclerosis.”  In  older  persons  the  deposition  of  sterols  may  be 
followed  by  deposition  of  calcium,  producing  a  condition  called 
“arteriosclerosis”  or  “hardening  of  the  arteries,”  but  this  may 
occur  only  in  susceptible  persons.  Atherosclerosis  cannot  be 
produced  in  a  dog. 

Some  of  the  cholesterol  eaten  may  undergo  two  transforma¬ 
tions  :  first  by  hydrochloric  acid  to  allocholesterol,  and  then  by 
the  reducing  action  of  bacteria  in  the  intestine  to  form 
coprosterol  or  the  sterol  of  the  feces. 

From  the  chart,  Fig.  7,  it  is  shown  that  cholesterol  is  related 
to  the  bile  acids,  several  hormones,  and  various  drugs,  some 
of  which  will  be  considered  later. 


CHAPTER  IV 
CARBOHYDRATES 


Composition,  Occurrence,  General  Function.— The  carbohy¬ 
drates  are  compounds  of  carbon,  hydrogen  and  oxygen  in  which 
the  hydrogen  and  oxygen  are  present  usually  in  the  same  pro¬ 
portions  as  in  water,  hence  the  name  of  the  group.  A  few 
carbohydrates  do  not  conform  to  this  general  statement,  for 
example  rhamnose,  CcH1205.  Carbohydrates  are  either  simple 
sugars  or  compounds  of  simple  sugars.  A  simple  sugar  is  an 
aldehydic  or  ketonic  derivative  of  an  alcohol,  having  a  hy¬ 
droxyl  group  on  a  carbon  atom  a  to  the  carbon  atom  bearing 
the  carbonyl  group.  Carbohydrates  vary  considerably  in  their 
properties.  They  are  found  both  in  plants  and  in  animals,  but 
chiefly  in  the  former,  in  which  they  form  a  considerable  part 
of  the  structural  framework.  In  animals  they  serve  mainly 
as  a  fuel  to  be  oxidized  for  the  production  of  heat  or  the  per¬ 
formance  of  mechanical  work,  but  about  one  day’s  supply  may 
be  laid  away  as  a  reserve  store  to  be  called  on  in  case  of  need. 

Structure  of  the  Carbohydrates. — The  carbon  atoms  in  the 
carbohydrate  molecule  are  linked  together  in  a  long  chain.  It 
has  been  shown  that  the  molecule  contains  several  hydroxyl 
groups,  and  except  in  case  of  molecular  rearrangement  there 


H 


is  either  an  aldehyde  C  =  0  or  a  ketone  C  —  0  group. 


The 


remaining  valences  of  the  carbon  atoms  in  the  chain  hold  the 
hydrogen  atoms  not  in  the  hydroxyl  groups.  Thus  the  for¬ 
mula  for  glucose,  one  of  the  most  important  carbohydrates,  has 
been  shown  to  be  as  follows: 
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H 

I 

c=o 

I 

H— C— OH 

I 

HO— C— II 

I 

H— C— OH 

I 

H— C— OH 

I 

ch2oh 

d-Glucose 

An  example  of  a  sugar  containing  a  ketone  group  is  fructose, 
which  has  the  following  formula: 

ch2oh 

I 

c=o 

I 

HO— C— II 

I 

H— C— OH 

I 

H— C— OH 

I 

ch2oh 

d-Fruetose 

Many  of  the  reactions  characteristic  of  the  carbohydrates  de¬ 
pend  upon  the  properties  of  the  aldehyde  or  ketone  groups 
which  they  contain.  In  the  case  of  the  more  complex  carbo¬ 
hydrates,  these  reactive  groupings  are  usually  combined  in  such 
a  way  that  they  do  not  show  their  characteristic  behavior. 

Optical  activity  is  the  property  possessed  by  many  com¬ 
pounds  of  rotating  the  plane  of  polarized  light. 

If  a  ray  of  white  light  is  passed  through  a  crystal  of  iceland 
spar,  it  is  split  into  two  slightly  diverging  rays,  but  this  is  not 
the  only  change  which  is  produced  in  the  ray.  Light  is  due  to 
vibration  of  the  particles  of  the  ether,  the  vibration  being  at 
right  angles  to  the  direction  of  the  ray,  and  in  all  possible 
Planes  passing  through  the  path  of  the  ray  as  an  axis  We 
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can  picture  this  perhaps  by  imagining  the  cross-section  of  a 
lay  of  light  to  resemble  the  cross-section  of  an  orange,  only  with 
many  moie  planes  of  vibration.  After  passing  through  the 
crystal  of  iceland  spar,  the  light  is  so  altered  that  in  each  of 
the  two  emerging  rays  vibration  is  taking  place  in  only  one  di¬ 
rection.  To  light  of  this  character  is  given  the  name  plane 
polarized  light.  It  has  been  found  that  optically  active  sub¬ 
stances  have  the  property,  if  such  a  ray  of  light  is  passed 
through  their  solutions,  of  rotating  the  plane  in  which  the 
ether  particles  are  vibrating,  some  substances  rotating  the  plane 
of  vibration  to  the  right,  others  to  the  left.  Not  only  do  these 
compounds  possess  this  property,  but  a  given  substance,  under 
similar  conditions  of  observation  (concentration,  temperature, 
length  of  tube  and  color  of  light)  always  rotates  the  plane  of 
polarized  light  through  the  same  angle.  This  uniformity  of 
behavior  on  the  part  of  each  optically  active  substance  gives  us 
a  most  useful  means  of  detecting  the  presence  of  the  compound 
in  question. 

In  order  to  have  a  uniform  standard  for  comparing  observa¬ 
tions  of  optical  activity  it  is  necessary  to  adopt  some  system 
for  reporting  such  data.  A  value  has  been  selected  and  given 
the  name  “specific  rotation/ 1  which  is  the  rotation  produced 
by  1  gram  of  substance  dissolved  in  1  cubic  centimeter  of  solu¬ 
tion  and  the  rotation  observed  in  a  tube  1  decimeter  in  length. 
This  value  is  designated  by  the  symbol  [  a  ] . 

It  is  obvious  that  it  often  will  be  impossible  to  observe  the 
rotation  produced  by  a  substance  under  these  standard  condi¬ 
tions.  Many  substances  are  not  sufficiently  soluble  to  dissolve 
1  gram  in  1  cubic  centimeter  of  solvent.  To  avoid  this  difficulty, 
a  formula  has  been  developed  for  use  under  general  laboratory 
conditions.  Let  a  be  the  observed  rotation  of  a  solution  under 
question.  Under  standard  conditions  [a]  =  a.  Let  g  =  grams 
substance  per  c.c.  of  solution.  If  g  is  not  equal  to  1,  we  can 

(X 

easily  find  the  value  of  [a]  by  dividing  a  by  g.  [«]  =  — •  We 

must  also  introduce  the  length,  1,  of  the  observation  tube,  as 
naturally  a  column  of  liquid  longer  or  shorter  than  the  specified 
1  decimeter  will  give  respectively  a  greater  or  a  smaller  rota¬ 
tion.  Our  formula  will  now  be  [«]  =  —  • 
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As  it  seldom  is  convenient  to  work  wTith  1  c.c.  of  solution,  it 
will  be  advisable  to  revise  our  formula  for  use  with  solutions 
calculated  on  the  basis  of  100  c.c.  Let  c  equal  the  number  of 

c 

grams  substance  in  100  c.c.  solution,  then  g  =='2qq  •  Substi¬ 
tuting  this  value  of  g  in  the  above  equation  we  have 

r  ,  100  a 

w  — IT 

Now  the  amount  of  rotation  which  a  given  solution  will  pro¬ 
duce  is  influenced  by  various  factors,  among  them  the  tempera¬ 
ture  of  the  solution  and  the  color  of  the  light  used  in  the  ob¬ 
servation.  Unless  there  are  special  reasons  for  other  procedures, 
it  is  customary  to  make  observations  at  20°  and  with  sodium 
light,  corresponding  to  the  D  line  in  the  spectrum.  These  two 
influencing  factors  also  are  included  in  our  formula,  which 
we  now  have  in  its  final  form. 


[a] 


20° 

D 


100  a 

lc 


This  value  is  called  the  specific  rotation  of  a  compound  and 
is  a  constant  for  each  optically  active  substance.  The  specific 
rotations  of  most  of  the  sugars  have  been  determined  and  may 
be  found  in  textbooks  or  books  of  reference.  By  observing  the 
rotation  a  of  a  solution  of  a  known  sugar  and  substituting  this 
^  a^ue  the  equation  below,  it  is  possible  to  calculate  the  amount 
of  the  given  sugar  present.  On  the  other  hand,  if  we  have 
a  solution  containing  a  known  amount  of  an  unknown  sugar, 
it  is  possible  to  calculate  its  specific  rotation,  which  usually  will 
identify  the  substance,  especially  if  used  in  conjunction  with 
other  tests.  For  this  purpose  we  may  solve  our  formula  for 
[a]  in  equation  above 


c  = 


100  a 


1  [a]  20° 

D 


The  actual  observation  of  a  is  made  with  a  polariscope,  an 
instrument  in  which  light  is  polarised  and  passed  through  the 
solution  to  be  examined.  The  apparatus  is  so  constructed  that 
possible  to  measure  the  amount  of  rotation  produced  bv 
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the  solution.  The  accompanying  diagram  (Fig.  8)  indicates 
the  structure  of  a  Laurent  polariscope. 

The  Nicol  prism  is  a  device  for  polarizing  light,  and  getting 
l  id  of  one  of  the  two  rays  into  which  the  original  ray  is  split. 
A  crystal  of  calcite  is  sawed  through  diagonally,  and  the  two 
pieces  stuck  together  with  a  thin  layer  of  Canada  balsam. 


□  ml 

h 


£■ 


Fig.  8. — Diagram  of  Laurent  Polariscope. 

A.  Source  of  light,  sodium  flame. 

b.  Plate  cut  from  a  crystal  of  potassium  bichromate.  In  place  of  this,  a 

flat-sided  cell  containing  a  solution  of  potassium  bichromate  may  be 
used  to  insure  absence  of  other  than  yellow  light. 

c.  Lens  to  make  the  rays  of  light  parallel. 

d.  Nicol  prism,  called  the  polarizer,  which  polarizes  the  ray. 

e.  Quartz  plate  covering  a  portion  of  the  field  to  produce  half  shadow. 

f.  Tube  containing  solution  to  be  studied. 

g.  Second  Nicol  prism  called  the  analyzer. 

h.  Lenses  for  focusing. 

i.  Eye  of  observer. 


On  entering  the  prism,  light  is  polarized  and  split  into  two 
diverging  rays.  From  the  diagonal  surface,  one  of  the  two 
polarized  rays  is  reflected  to  the  side,  the  other  passes  on  through 
the  apparatus.  If  the  tube  /  contains  only  water,  the  polarized 
ray  passes  through  it  without  altering  the  direction  of  its 
vibration.  On  arriving  at  the  second  Nicol  prism  g  the  ray 
will  pass  through  unaltered,  provided  the  prism  is  in  a  posi¬ 
tion  corresponding  to  that  of  the  first  prism.  If,  on  the  other 
hand,  the  prism  g  has  been  rotated  to  the  right  or  to  the  left  so 
that  its  position  no  longer  corresponds  to  that  of  d,  only  a  por¬ 
tion  of  the  ray  will  pass  through,  and  the  intensity  of  the  ray 
reaching  the  eye  at  i  will  be  diminished.  If  the  prism  g  is 
rotated  90°  from  the  position  corresponding  to  that  of  d,  no 
light  will  pass  through.  Beyond  this  point  the  illumination  in¬ 
creases  until  at  180°  it  again  is  at  its  maximum.  At  270°  the 


field  again  is  dark. 

Imagine  the  apparatus  set  with  the  two  Nicol  prisms  in  cor¬ 
responding  positions.  Light  will  pass  through  to  the  eye.  Now 
if  a  tube  of  sugar  solution  is  placed  at  /,  the  ray  of  light 
passing  from  d  will  be  rotated  about  its  axis  by  the  sugar  solu¬ 
tion,  which  is  optically  active.  The  result  will  be  that  it  strikes 
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g  in  a  position  in  which  it  will  not  pass  through  without  losing 
some  of  its  intensity.  If  we  rotate  prism  g  through  the  same 
angle  through  which  the  ray  of  light  has  been  rotated  by  the 
sugar  solution,  the  ray  again  will  pass  through  at  maximum 
intensity.  By  observing  the  angle  through  which  the  prism 
must  be  rotated  to  bring  this  about,  the  angle  of  rotation  of 
the  ray  caused  by  the  sugar  solution  is  determined. 

In  practice  it  would  be  difficult  to  observe  a  changing  illu¬ 
minated  field  and  select  the  point  at  which  the  illumination  was 
at  its  maximum.  A  mechanism  has  been  devised  to  obviate  this 
difficulty.  This  is  represented  in  the  diagram  by  e  which  is 
a  thin  quartz  plate  covering  one-half  the  visible  field.  This 
plate  so  alters  the  light  passing  through  it  that  when  the  half 
of  the  field  not  covered  by  the  plate  is  at  its  maximum  illu¬ 
mination,  the  half  of  the  field  covered  by  the  plate  is  somewhat 
darker,  and  vice  versa.  By  rotating  the  prism  g  a  point  can 
be  found  intermediate  between  the  two,  at  which  the  two 
halves  of  the  field  are  equally  light.  This  is  taken  then  as  the 
starting  (or  zero)  point  of  an  observation.  When  the  sugar 
solution  has  been  introduced,  the  prism  g  is  rotated  until  the  two 
halves  of  the  field  again  are  equally  light,  and  the  reading  is 
taken.  This  will  correspond  to  the  rotation  produced  in  the 
polarization  plane  of  the  ray  by  the  sugar. 


The  readings  are  made  upon  a  circular  scale  which  usually 
is  graduated  in  degrees,  and  provided  with  a  vernier  to  make 
it  possible  to  read  to  minutes. 

The  rotation  produced  by  a  given  substance  varies  with  the 
solvent.  Water  is  the  solvent  most  frequently  used.  If  more 
than  one  optically  active  substance  is  present  in  the  same  solu¬ 
tion,  account  must  be  taken  of  this  fact,  or  one  or  the  other 
removed.  Certain  sugars  when  first  dissolved  in  water  show  a 
much  higher  or  much  lower  rotation  than  after  standing  for 
twenty-four  hours  or  so.  This  is  believed  to  be  due  to  the  fact 
iat  these  substances  exist  in  two  forms,  of  which  one  possesses 
much  stronger  rotating  power  than  the  other.  The  two  forms 
pass  into  one  another  spontaneously,  and  reach  an  equilibrium 
in  which  there  is  a  definite  amount  of  each,  the  rotation  pro¬ 
duced  by  this  final  mixture  being  the  resultant  of  the  rotations 
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of  the  two  forms  present.  To  this  phenomenon  is  given  the 
name  mutarotation  (from  the  Latin  word  meaning  to  change). 
Instead  of  allowing  a  solution  to  stand  until  equilibrium  is 
reached,  this  may  be  accomplished  rapidly  by  adding  a  small 
amount  of  alkali  to  the  solution. 

The  exact  reason  why  some  compounds  have  the  property  of 
rotating  the  plane  of  polarized  light  is  unknown.  This  property 
has  been  shown  to  depend,  however,  upon  the  presence  of  what 
has  been  called  an  asymmetric  carbon  atom,  which  is  a  carbon 
atom  united  to  four  dissimilar  chemical  groups. 

On  inspecting  the  above  formulas  for  glucose  and  fruc¬ 
tose  it  will  be  observed  that  the  hydrogen  and  hydroxyl 
groups  of  the  four  carbon  atoms  occupying  the  middle  por¬ 
tion  of  the  chain  are  not  arranged  in  a  symmetrical  manner. 
Each  of  the  C  atoms  denoted  by  heavy  type  is  attached  to 
four  different  chemical  groupings.  Each  of  these  four  carbon 
atoms  of  glucose  is  thus  asymmetric,  and  confers  the  property  of 
optical  activity  upon  the  compound.  Around  each  asymmetric 
atom  either  of  two  groupings  may  exist,  one  of  which  rotates 
the  plane  of  polarized  light  to  the  right  (dextrorotatory),  the 
other  an  equal  distance  to  the  left  (levorotatory).  These  two 
compounds  are  called  optical  isomers.  It  has  been  found  that 
the  number  of  optical  isomers  possible  when  a  compound  con¬ 
tains  more  than  one  asymmetric  carbon  atom  is  represented 
by  the  value  of  2"  where  n  is  the  number  of  such  carbon  atoms. 
We  will  thus  expect  to  find  24=16  different  sugars,  all  isomers 
of  glucose.  Twelve  of  these  sixteen  actually  have  been  prepared. 

Classification  of  Carbohydrates.— The  carbohydrates  are 
divided  into  three  great  classes. 

These  are  subdivided  as  indicated  below. 

Monosaccharides 

Bioses — glycol  aldehyde 

Trioses — glyceric  aldehyde 

Tetroses — erythrose 

Pentoses — arabinose,  xylose,  ribose 

Hexoses — glucose,  fructose,  galactose,  mannose 

Heptoses — sedoheptose 
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Disaccharides 

Dihexoses — sucrose,  maltose,  lactose 

Polysaccharides 

Pentosans — gums,  mucilages 

Ilexosans — dextrin,  starch,  glycogen,  cellulose 

The  monosaccharides  are  sometimes  called  the  simple  sugars. 
The  disaccharides  are  so  called  because  they  are  formed  by  the 
union  of  two  molecules  of  monosaccharide,  with  elimination  of 
water.  Polysaccharides  are  composed  of  several  molecules  of 
monosaccharide  united  in  a  similar  manner.  The  monosac¬ 
charides  are  subdivided  into  groups  according  to  the  number  of 
carbon  atoms  in  the  molecule ;  thus  the  bioses  are  sugars  having 
only  two  (one  hydroxyl  and  one  carbonyl  group)  in  each  mole¬ 
cule,  the  trioses,  three.  All  are  found  in  nature  except  octoses 
and  monoses,  which  have  been  built  up  in  the  laboratory.  Of 
the  monosaccharides,  the  pentoses  and  hexoses  are  the  most  im¬ 
portant.  With  the  exception  of  the  bioses,  there  are  two  classes 
of  sugars  in  each  group,  aldehyde  sugars  and  ketone  sugars.  Of 
the  biologically  important  sugars  all  are  aldehyde  sugars,  or 
aldoses,  with  the  exception  of  fructose,  which  is  a  ketone  sugar 
or  ketose.  The  individual  carbohydrates  will  be  discussed  later. 

Origin  and  Synthesis.— The  ultimate  dependence  of  the 
animal  world  upon  plants  is  well  illustrated  by  the  carbohv- 
drates.  These  compounds  which  furnish  energy  for  the 
muscles  are  obtained  from  plants,  in  which  they  are  built  up 
from  the  very  simple  substances,  carbon  dioxide  and  water.  The 
exact  mechanism  by  which  the  plant  brings  about  this  important 
synthesis  is  a  matter  of  some  uncertainty,  but  it  is  probable  that 
the  carbon  dioxide  from  the  air  and  soil  water  play  a  part  in 
the  formation  of  formaldehyde.  Several  molecules  of  formal¬ 
dehyde  then  condense  to  form  a  carbohydrate.  The  reaction 
might  be  represented  as  follows : 


LO2+H20-*H-CH0-f02 
6  H-CHO— »C6H1206  ‘ 


The  energy  for  this  synthesis  is  derived  from  sunlight  by  tl 
agency  of  chlorophyll,  the  green  coloring  matter  of  planl 
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The  hexose  so  formed  may  then  be  built  up  into  starch,  which 
is  laid  away  as  reserve  food  in  the  seeds,  tubers,  and  other 
parts  of  the  plant.  Sunlight  is  not  necessary  for  the  latter 
part  of  this  process,  as  starch  can  be  built  up  in  the  roots  and 
tubers,  which  are  underground.  By  variations  of  this  general 
process  the  plant  undoubtedly  can  build  up  a  large  number  of 
other  compounds  of  the  most  diverse  nature. 

The  animal  body  has  much  more  limited  powers  of  synthesiz¬ 
ing  carbohydrates,  although  it  is  capable  of  forming  glucose, 
the  sugar  of  the  blood,  from  some  other  substances.  The  poly¬ 
saccharide,  glycogen,  is  regularly  built  up  in  the  animal  body 
from  the  monosaccharide,  glucose,  and  it  has  been  shown  in 
diseases  where  carbohydrates  are  lost  from  the  body  in  the 
urine,  that  certain  compounds  other  than  carbohydrates  may 
be  converted  into  sugar  in  the  body. 

There  are  various  methods  for  synthesizing  carbohydrates  in 
the  laboratory.  One  of  these  suggests  the  synthesis  in  plants. 
If  a  solution  of  formaldehyde  is  made  slightly  alkaline,  a  con¬ 
densation  takes  place,  and  the  liquid  will  be  found  to  contain 
a  hexose,  acrose. 

A  method  which  has  proved  very  useful  in  studying  the 
carbohydrates  is  known  as  the  cyanhydrin  synthesis.  This 
serves  to  lengthen  the  carbon  chain  by  one  carbon  atom.  Start¬ 
ing  from  a  pentose,  a  hexose  may  be  prepared ;  from  a  hexose 
a  heptose,  and  so  on.  The  steps  of  the  synthesis  are  as  follows: 

CH2OH— CHOH^CHOII— CHOH— CHO+HCN^ 

CH2OH— CHOH — CHOH — CHOH — CHOH — CN 

This  nitril,  containing  six  carbon  atoms  is  easily  saponified. 

017  oil _ CHOH — CHOH — CHOH — CHOH — CN+HOH-» 

2  HOH 

CH2OH— CHOH— CHOH— CHOH— CHOH— COOH+NH3 

Converting  this  into  its  lactone  by  the  action  of  acid  we  get: 

CH2OH— CHOH— CH— CHOH— CHOH— C=0+H20 

I - O - 1  ■ 


CARBOHYDRATES 


87 


On  reducing  this  with  sodium  amalgam  the  compound  takes 
up  2H  forming  an  aldehyde,  a  hexose,  which  thus  has  been 
built  up  from  a  pentose. 

ch2oh— choh— choh— choh— choh— cho 

The  carbohydrates  may  be  “built  down”  step  by  step  in 
the  laboratory.  This  method  also  has  been  of  value  in  study¬ 
ing  their  constitution.  If  treated  with  hydrogen  peroxide  in 
the  presence  of  a  ferric  salt  as  catalyzer,  the  elements  of  formic 
acid  are  split  off,  leaving  a  carbohydrate  with  one  less  carbon 
atom.  Carbohydrates  may  be  built  down  by  electrolysis  or  by 
way  of  their  oximes,  or  glvcuronic  acid  may  be  decarboxylated 
to  form  a  pentose.,  j 

Interconversion  of  Carbohydrates. — Since  the  different  mono¬ 
saccharides  are  closely  related  compounds,  differing  only  in  the 
arrangement  of  their  hydrogen  and  hydroxyl  groups  around  the 
carbon  atoms,  it  is  not  surprising  to  learn  that  certain  of  them 
may  very  easily  be  converted  into  one  another.  Thus  if  a  solu¬ 
tion  of  glucose  is  made  slightly  alkaline  and  allowed  to  stand 
for  some  time,  it  will  be  found  to  contain  not  glucose  alone, 
but  also  fructose  and  mannose  (Fig.  9).  A  portion  of  the  glu- 


CHO 

I 

HO— C— H 

I 

HO— C— H 

I 

H— C— OH 

I 

H— C— OH 

I 

cii2oh 

d-Mannose 


cose  is  transformed  into  the  other  two  sugars.  It  is  immaterial 
which  ot  the  three  sugars  is  taken  to  start  with,  the  result  will  be 
the  same  and  all  three  will  be  found  in  the  solution.  The  inter- 
conversion  of  the  simple  sugars  is  of  interest  physiologically 
for  in  the  body  such  transformations  are  known  to  take  place 
lactose  of  milk  is  produced  in  the  mammary  gland  from 
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glucose  in  the  blood.  Lactose  is  made  up  of  equal  parts  of  glu¬ 
cose  and  galactose.  A  portion  of  the  glucose  from  the  blood 
must  be  transformed  into  galactose  in  the  gland.  A  second 
instance  of  a  similar  transformation  is  the  formation  of  the 
polysaccharide,  glycogen,  which  is  stored  up  in  the  liver  and 
muscles  as  a  reserve  material.  On  hydrolysis  glycogen  yields 
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Fig. 


9. — Transformations  of  glucose  by  G.  Medes,  from  Evans’  data. 


always  glucose.  It  is  well  known,  however,  that  gl}  cogen  will 
be  deposited  in  the  body  if  an  animal  is  fed  fructose  or  various 
other  sugars.  This  indicates  the  transformation  of  the  fruc¬ 
tose  into  glycogen  and  glycogen  into  glucose. 

Behavior  With  Strong  Alkalies.— The  action  of  weak  alkali 
upon  the  carbohydrates  already  has  been  discussed  under  the 
heading  Interconversion  of  Carbohydrates.  A  rearrangement  of 
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groups  in  the  molecule  is  observed.  The  action  of  strong  alkali 
is  much  more  vigorous  and  far  reaching  and  the  nature  of  the 
products  formed  depends  upon  the  experimental  conditions. 
The  alkali  undoubtedly  combines  with  the  sugar  at  first.  There 
follows  loss  of  water  from  groups  around  neighboring  carbon 
atoms,  and  a  double  bond  is  formed  and  may  migrate  along  the 
chain  by  keto-enol  transformations  (Fig.  9).  The  carbon  chain 
may  be  broken  in  the  middle  and  these  fragments  broken  into 
smaller  ones.  The  nature  of  these  fragments  is  only  imperfectly 
understood,  but  may  be  inferred  from  the  final  products  of  the 
reaction. 

In  case  oxygen  is  supplied  plentifully,  the  fragments  are 
oxidized  to  the  corresponding  acids.  Of  these  a  long  list  may 
be  obtained  varying  in  complexity  from  formic  HCOOH  and 
oxalic  acids 

COOII 

I 

COOII 


to  acids  having  chains  as  long  or  only  slightly  shorter  than  the 
chain  in  the  original  substance. 

This  process  is  of  biological  interest,  for  probably  it  has  many 
points  of  similarity  with  the  breaking  down  of  carbohydrates  in 
the  body.  The  body  tissues  are  not  strongly  alkaline,  so  that 
the  agent  bringing  about  the  change  must  be  some  substance 
other  than  alkali.  In  the  body  the  fragments  thus  produced 
may  be  used  to  construct  new  substances,  or  they  may  be  fur¬ 
ther  broken  down  and  oxidized  to  carbon  dioxide. 


In  case  the  strong  alkali  acts  upon  glucose  when  the  oxygen 
supply  is  limited,  as  would  be  the  case  if  no  air  were  bubbled 
through  the  liquid,  the  reactive  fragments  produced  will  com¬ 
bine  with  one  another,  forming  qomplex  brown  substances  of  a 
resinous  nature,  a  mixture  of  which  is  known  as  caramel.  Pos- 
Sibly  this  process  is  analogous  to  the  building  up  of  materials 
Irom  carbohydrate  fragments  in  the  interior  of  the  body  cells 
a  though  in  this  latter  case  the  conditions  of  synthesis  are  care¬ 
fully  controlled  by  agents  in  the  cell  so  that  particular  sub- 
stances  result  which  are  required  by  the  cell. 

Behavior  With  Acids.— On  boiling  with  dilute  acids  the  com¬ 
plex  carbohydrates  take  up  water  and  are  split  into  simpler 
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substances,  ultimately  the  monosaccharides.  If  the  monosac¬ 
charides  are  boiled  with  strong  hydrochloric  acid,  they  are  de¬ 
composed  and  yield  a  variety  of  products.  The  pentoses  lose 
water  and  form  furfural. 
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The  formation  of  this  compound  serves  to  identify  the  pen¬ 
toses,  since  it  forms,  with  various  phenols,  colored  substances 
which  may  be  identified  easily.  The  hexoses  on  boiling  with 
concentrated  hydrochloric  acid  yield  among  other  things  hy¬ 
droxymethyl  furfural,  but  in  much  larger  quantities  levulinic 
(acetopropionic)  acid 


CH3 .  C— CH2 .  CH2 .  COOH 

II 

0 

Oxidation  of  Carbohydrates. — Oxidation  Tests. — Since  the 
simple  carbohydrates  contain  either  an  aldehyde  or  a  ketone 
group,  they  are  easily  oxidized,  even  by  mild  oxidizing  agents. 
The  products  of  mild  oxidation  are  acids  having  the  same  num¬ 
ber  of  carbon  atoms  as  the  original  material.  If  the  oxidation  is 
more  vigorous,  the  molecule  may  break  into  fragments  as  was  de¬ 
scribed  under  the  action  of  alkalies.  Some  of  the  most  important 
carbohydrate  tests  depend  upon  oxidation  processes.  Among 
the  oxidation  tests  is  the  Fehling  test. 

Folding  Test. — If  solutions  of  copper  sulphate  and  sodium 
hydroxide  are  mixed,  a  light  blue  precipitate  is  formed.  This 
is  cupric  hydroxide 

CuS04+2  NaOH— »Cu  ( OH )  2+Na2S04 

If  this  mixture  is  boiled,  the  precipitate  is  converted  into 
black  cupric  oxide. 

Cu(OH)2— >Cu0+II20. 

If  a  sugar  is  present  in  the  solution,  however,  the  copper  is 
reduced  by  the  sugar.  If  a  sugar  is  added  to  a  mixture  of 
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copper  sulphate  and  sodium  hydroxide,  the  liquid  will  turn  a 
very  deep  blue,  and  a  much  smaller  precipitate  will  form,  as 
most  of  the  Cu(OH)2  is  held  in  solution  by  combining  with  the 
sugar.  If  the  mixture  is  allowed  to  stand,  or  if  it  is  boiled,  the 
color  becomes  perhaps  yellow  at  first,  and  ultimately  a  red 
precipitate  forms.  The  sugar  has  reduced  the  cupric  hy¬ 
droxide,  to  yellow  cuprous  hydroxide  which,  on  boiling,  decom¬ 
poses  into  the  red  cuprous  oxide. 

2  Cu(OH)2+C,H11Ob-CHO->2  CuOH+ 

C5H1x05  .  C00H+H20 
2  Cu0H->Cu20+H20 

As  a  matter  of  fact,  the  sugar  undoubtedly  undergoes  further 
change,  as  we  already  have  seen  in  considering  the  action  of  al¬ 
kalies  on  the  carbohydrates,  but  the  above  equations  serve  to 
show  the  nature  of  the  part  played  by  the  copper  compound  in 
the  reaction. 


The  above  test  would  work  very  well  if  the  solution  to  be 
tested  contained  much  sugar.  If  this  were  not  the  case,  how¬ 
ever,  much  black  cupric  oxide  would  be  formed  which  might 
easily  obscure  any  small  amount  of  red  cuprous  oxide  resulting 
from  the  reducing  action  of  a  small  amount  of  sugar.  Accord¬ 
ingly  it  is  more  satisfactory  to  use  Fehling’s  solution  for  the  test. 
This  is  made  up  in  two  parts,  A  and  B,  which  are  mixed  in  equal 
quantities  immediately  before  using.  A  contains  copper  sul¬ 
phate  ;  B  contains  sodium  hydroxide  and  sodium  potassium  tar¬ 
trate.  On  mixing  these  two  solutions  a  deep  blue  liquid  results. 
Ihe  two  solutions  are  kept  separate,  as  otherwise  the  tartrate 
will  slowly  reduce  the  copper.  The  advantage  in  Fehling’s  rea¬ 
gent  lies  in  the  fact  that  the  sodium  potassium  tartrate  unites 
with  the  cupric  hydroxide  to  form  a  complex  ion ;  thus  the  cupric 
hydroxide  does  not  precipitate  and  does  not  decompose  into  the 
black  cupric  oxide.  On  boiling,  the  liquid  remains  clear  and 
blue.  The  combined  cupric  hydroxide  is  in  equilibrium  with  a 
very  small  amount  of  this  compound  in  solution  so  that  as  fast 
as  the  free  cuprie  hydroxide  is  reduced  by  the  sugar  solution 
more  of  the  cupric-hydroxide-tartrate  compound  dissociates’ 
This  complex  compound  thus  furnishes  a  ready  supply  of  cupric 
ydroxide,  and  if  sufficient  sugar  is  present,  all  of  the  copper 
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will  be  reduced.  At  this  point  the  blue  color  will  have  disap¬ 
peared  from  the  liquid.  The  following  equation  illustrates  the 
formation  of  the  complex  compound: 

COO  COO 

I  I 

CHOH+2  Cu(OH)2— »  CHO— Cu0H+2H20 

I  I 

CHOH  CHO— CuOH 

I  I 

COO  coo 


Reduction  of  Carbohydrates. — By  the  action  of  reducing 

agents  carbohydrates  may  be  converted  into  alcohols,  or  on  fur¬ 
ther  reduction  they  may  give  rise  to  compounds  related  to 
fatty  acids.  Such  transformations  may  occur  in  the  cells  of 
the  body,  for  it  is  a  well-known  fact  that  a  carbohydrate  diet 
is  “ fattening.’ ’  Possibly  the  carbohydrate  molecules  are  both 
split  into  fragments  and  reduced  or  dehydrated,  and  then  re¬ 
combined  to  form  compounds  with  longer  chains,  fatty  acids. 
The  exact  mechanism  of  the  process  is  still  unknown.  It  is 
quite  probable  that  carbohydrates  may  give  up  their  oxygen 
to  cells  under  conditions  where  vital  activities  are  going  on  in 
the  absence  of  atmospheric  oxygen.  This  process  is  called 
anaerobic  respiration. 

Formation  of  Osazones. — Monosaccharides  and  many  of  the 
disaccharides  combine  with  plienylhydrazine  to  form  osazones. 
These  are  yellow  compounds  which  crystallize  in  needles.  The 
crystals  often  group  together  with  points  at  a  common  center, 
thus  forming  rosettes,  or  fans,  or  sheaves  like  grain  sheaves.  The 
different  osazones  have  slightly  differing  crystal  forms,  but  they 
are  best  recognized  by  their  melting  points ;  identifying  an 
osazone  serves  to  identify  the  sugar  from  which  it  was  foimed. 
Glucose,  fructose,  and  mannose  form  the  same  osazone,  since 
the  structure  of  these  three  sugars  differs  only  around  the  car¬ 
bon  atoms  to  which  the  plienylhydrazine  molecules  become  at¬ 
tached.  This  test  thus  will  not  distinguish  between  these  three 
sugars.  Saccharose,  for  a  reason  to  be  seen  later,  does  not 
form  an  osazone,  nor  do  the  polysaccharides. 
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The  reaction  takes  place  in  three  stages  as  follows: 
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CH  OH 
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The  product  is  a  hydrazone.  Most  hydrazones  are  readily 
soluble.  That  of  mannose  is  quite  insoluble.  It  forms  color¬ 
less  plates  and  serves  to  identify  mannose.  A  second  mole¬ 
cule  of  phenylhydrazine  then  removes  two  H  atoms  from  the 
group  next  the  end  carbon  atom,  and  is  converted  into  aniline 
and  ammonia. 
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A  third  molecule  of  phenylhydrazine  now  reacts,  forming 
the  osazone. 
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m  place  of  phenylhydrazine,  its  hydrochloride  is  often  used 
as  this  compound  is  more  soluble  and  more  stable  than  the 
fee  base.  See  Table  XXVIII  in  Laboratory  Work 
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Fermentation 

Under  the  influence  of  certain  microorganisms  the  carbohy¬ 
drates  undergo  a  process  known  as  fermentation,  which  consists 
in  the  breaking  up  of  the  carbohydrate  molecule  to  form  a 
variety  of  simpler  compounds.  The  nature  of  the  products  de¬ 
pends  upon  the  character  of  the  particular  organism  respon¬ 
sible  for  the  decomposition.  Thus  the  carbohydrate  may  form 
carbon  dioxide  and  alcohol,  a  process  known  as  alcoholic  fer¬ 
mentation.  Or  it  may  form  lactic  acid,  butyric  acid,  or  still 
other  substances.  In  alcoholic  fermentation  we  may  represent 
the  process  as  follows: 

C6H1206— >2  C2H50H+2C02 

but  in  reality  there  are  intermediate  steps  similar  to  those  in 
muscle  metabolism.  The  changes  brought  about  in  the  sugar  in 
these  reactions  are  due  to  the  fact  that  the  microorganisms  in¬ 
volved  contain  or  secrete  enzymes  which  have  the  power  of 
breaking  down  the  sugar. 

Individual  Groups  of  Carbohydrates 

Pentoses. — The  pentoses  are  found  in  both  plants  and 
animals,  usually  combined  with  other  substances,  as  in  nucleo- 
proteins  or  in  the  form  of  polysaccharides  made  up  of  many 
molecules  of  pentose.  They  are  obtained  by  the  hydrolysis  of 
these  compounds.  A  pentose  has  been  found  in  the  urine.  This 
condition  is  known  as  pentosuria.  Pentoses  may  be  either 
aldoses  or  ketoses.  They  reduce  Fehling’s  solution,  and  give 
osazones  with  phenylhydrazine.  They  usually  do  not  ferment, 
however.  The  pentoses  are  utilized  by  herbivorous  animals, 
but  the  extent  to  which  they  may  be  utilized  by  man  seems  to 
be  more  limited,  although  the  subject  is  still  a  matter  of  some 
uncertainty.  Pentoses  may  be  distinguished  from  hexoses  by 
their  osazones,  by  their  failure  to  ferment  readily,  and  also  by 
certain  color  reactions  among  which  are  the  orcinol  and  phloro- 
glucinol  tests.  If  a  pentose  is  heated  with  concentrated  hy¬ 
drochloric  acid  and  a  little  orcinol  or  phloroglucinol,  a  color 
change  results.  With  orcinol  the  color  is  first  violet,  then  blue, 
red,  and  finally  green,  and  a  bluish  green  precipitate  forms. 
With  phloroglucinol,  the  color  is  red.  As  other  substances 
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will  give  similar  colors,  it  is  necessary  to  confirm  the  result 
by  observing  the  absorption  spectrum  of  the  colored  substance 
after  it  has  been  extracted  by  shaking  the  liquid  with  amyl 
alcohol.  The  orcinol  test  gives  an  absorption  band  between 
the  C  and  D  lines,  the  phloroglucinol  test,  between  the  D  and  E 
lines.  See  discussion  of  absorption  spectra,  Chapter  Y. 

This  procedure  does  not  distinguish  pentoses  from  glucuronic 
acid,  however. 

Arabinose  is  obtained  by  the  hydrolysis  of  gum  arabic,  cherry 
gum  or  peach  gum,  with  dilute  acid.  It  sometimes  occurs  in 
the  urine.  It  has  a  sweet  taste,  and  its  solution  is  dextrorotatory 
(1-arabinose  has  a  specific  rotation  -f-  104.5°).  Its  melting  point 
is  160°.  Its  osazone  melts  at  163°-164°.  Xylose  is  obtained  by 
hydrolyzing  wood,  gum,  straw  or  bran.  It  often  is  called  wood 
sugar.  The  specific  rotation  of  1-xylose  is  -f-  18.1°.  Its  phenyl- 
osazone  melts  at  155°-158°.  The  pentose  isolated  from  nucleo- 
protein  is  said  to  be  d-ribodesose.  Its  solution  is  levorotatory. 


Hexoses.  CGH12O0 

Glucose  (Dextrose,  Grape  Sugar) .—Glucose  (Fig.  10)  is 
found  in  both  plants  and  animals.  In  the  plant  world  it  occurs 
in  grapes  and  other  swe%t  fruits,  in  seeds  and  roots,  and  as  a  con¬ 
stituent  of  di-  and  polysaccharides  and  glucosides  is  much  more 
widely  distributed.  In  animals  it  is  found  in  the  blood  and 
b  mph,  and  occasionally  in  the  urine.  If  the  amount  in  the  urine 
is  more  than  a  trace  and  it  is  found  regularly,  the  condition  is 
pathological.  Glucose  is  found  also  in  honey.  It  may  be  obtained 
by  boiling  starch,  glycogen  and  dextrins,  with  dilute  acid.  Glu¬ 
cose  crystallizes  readily.  It  is  soluble  in  water.  The  solution 
is  less  sweet  than  that  of  cane  sugar.  It  is  dextrorotatory, 
the  specific  rotation  varying  somewhat  with  the  concentration 
The  figure  usually  reported  is  +  52.5°  for  a  solution  in  which 
eqmhbnum  has  been  reached.  It  shows  strong  mutarotation. 
It  is  slightly  soluble  in  warm  alcohol  and  insoluble  in  ether. 

gives  all  the  reduction  tests,  ferments  readily  with  veast 
forms  caramel  on  warming  with  alkali,  and  with  phenylhv- 
razine  forms  an  osazone  which  melts  at  205°.  It  is  perhaps 
the  most  interesting  of  the  sugars,  for  it  is  found  in  the  blood 
and  serves  as  a  source  of  energy  for  the  muscles.  By  the  oxi- 
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dation,  or  burning  of  1  gram  of  glucose  3.75  kilogram  calories 
of  heat  are  produced. 

a  /?  Glucose.  The  aldehyde  form  of  d-glucose  is  supposed  to 
be  unstable,  that  is  to  say,  it  is  supposed  that  only  a  small  per¬ 
centage  of  molecules  are  in  that  form  at  one  time  and  that  the 
other  molecules  have  ring  structures.  Their  structural  formu¬ 
las  have  been  studied  chiefly  in  relation  to  their  glucosides. 


Fig.  10. — Crystal  of  anhydrous  d-glucose.  (Industrial  and  Engineering 

Chemistry.) 

The  a-  and  /?-methyl  glucosides  are  considered  by  Hudson  and 
others  to  contain  butylene  (4  carbon)  rings  though  Irvine  and 
Haworth  consider  the  ring  to  be  the  amylene  (5  C  atoms). 
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When  a-methyl  glucoside  is  hydrolyzed,  it  forms  a-glucose ; 
and  when  0-methyl  glucoside  is  hydrolyzed,  it  forms  /2-glucose, 
but  on  standing  the  same  mixture  of  the  two  is  formed. 


Fructose  (Levulose,  Fruit  Sugar). — Fructose  is  found  in 
plants  chiefly  combined  with  glucose  as  cane  sugar,  or  in  the 
polysaccharide  inulin  from  which  it  may  be  obtained  by  hydrol¬ 
ysis.  It  occurs  also  in  honey.  It  is  sometimes,  though  rarely, 
found  in  the  urine.  The  solubilities  of  fructose  are  similar  to 
those  of  glucose.  Its  solution  rotates  the  plane  of  polarized 
light  to  the  left,  the  specific  rotation  being  — 92°.  It  is  called 
d-fructose  because  of  its  structural  relationship  to  d-glueose, 


Pig.  12. — Diagram  of  fructose. 


so  that  in  this  case  the  “d”  does  not  indicate  that  the  com¬ 
pound  is  dextrorotatory.  Solutions  of  fructose  show  the  phe¬ 
nomenon  of  mutarotation.  Fructose  is  a  ketone  sugar,  and 
gives  all  the  usual  reduction  tests  for  carbohydrates.  It  forms 
the  same  osazone  as  glucose,  so  that  this  test  is  of  no  value  to 
distinguish  the  two  sugars.  Fructose  also  ferments  with  or- 
mary  yeast.  Fructose  forms  a  calcium  compound  which  is 
much  less  soluble  than  that  of  glucose  and  serves  to  separate 
the  two  sugars  when  they  occur  in  a  mixture. 

Fructose  may  be  distinguished  from  glucose  by  its  levorota- 

'  f  d /  80  by  the  SellvanOT  reaction.  On  adding  a  few 
.Nstals  of  resorcinol,  and  concentrated  hydrochloric  acid  to  a 
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fructose  solution,  and  heating,  a  red  color  results.  Glucose  will 
give  the  test  under  certain  circumstances,  however,  so  that  it 
must  be  carried  out  under  definite  conditions  or  it  may  lead  to 
erroneous  conclusions. 

It  is  possible  also  to  distinguish  these  sugars  by  means  of 
methylphenylhydrazine.  With  this  substance,  fructose  and 
other  ketoses  form  osazones,  whereas  glucose  and  other  aldoses 
form  hydrazones  only. 

d-Galactose. — Galactose  occurs  in  nature  as  a  constituent  of 
several  gums,  in  the  polysaccharide  galactan  in  seaweed,  as  a 
constituent  of  lactose  or  milk  sugar  and  in  cerebrosides  in 
brain  and  nerve  tissue.  It  is  prepared  from  milk  sugar  or  from 
various  gums  by  hydrolysis.  Galactose  is  somewhat  less  soluble 
in  water  than  glucose.  The  solution  is  dextrorotatory,  the  spe¬ 
cific  rotation  being  -f-81°.  Galactose  is  an  aldose,  gives  the 
usual  reduction  tests,  and  forms  with  phenylhydrazine  an  osa- 
zone  which  melts  at  192°-195°.  Galactose  ferments  slowly  but 
completely  with  ordinary  yeast.  If  heated  with  nitric  acid,  it 
forms  a  fine  white  precipitate  of  mucic  acid  which  is  relatively 
insoluble.  This  test  serves  to  distinguish  galactose  from  all 
sugars  except  lactose,  which  yields  galactose  during  the  test. 
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The  corresponding  acid  from  glucose  is  called  saccharic  acid. 
It  is  of  interest  that  the  mammary  gland  forms  galactose  out 
of  the  glucose  of  the  blood,  and  unites  it  with  glucose  to  form 

lactose  or  milk  sugar. 

Amino  Sugars.— Closely  allied  to  the  monosaccharides  are 
the  amino  sugars,  which  differ  from  the  simple  sugars  only  in 
having  an  amino  group  (-Nil,)  instead  of  an  -OH  attached 


CARBOHYDRATES 


99 


to  the  carbon  atom  next  the  aldehyde  group.  These  compounds 
have  been  obtained  by  the  hydrolysis  of  chitin  occurring 
in  the  shells  of  invertebrates  and  from  the  proteins  mucin 
and  mucoid  which  are  widely  distributed  in  the  animal  world. 
d-Glucosamine  is  an  important  member  of  this  group.  It  is  ob¬ 
tained  by  boiling  the  chitin  of  lobster  shells  with  hydrochloric 
acid.  It  is  readily  soluble  in  water,  the  solution  being  alkaline. 
Its  hydrochloric  acid  salt  shows  solubilities  similar  to  those  of 
the  monosaccharides.  The  solution  is  dextrorotatory,  having  a 
specific  rotation  of  from  -f-  70°  to  -f-  74°  according  to  concen¬ 
tration.  It  reduces  the  ordinary  carbohydrate  reagents  and  gives 
an  osazone  identical  with  that  formed  from  glucose.  Gluco¬ 
samine  does  not  ferment,  however.  d-Glucosamine  is  an  inter¬ 
esting  compound  because  in  composition  it  stands  midway  be¬ 
tween  the  carbohydrates  and  a  group  of  substances  called  amino 
acids,  which  are  the  simple  units  of  which  the  proteins  are 
composed. 


Disaccharides 

The  disaccharides  are  formed  by  the  union  of  two  molecules 
ot  monosaccharide  with  loss  of  water. 


C6II1206  +  C6H1206  -f  H20. 

By  the  action  ot  dilute  aeids  or  enzymes,  they  may  be 
charide  °  >,  “™«M*harid«.  The  three  disac- 

■*”*  “*•  “>  >»  »*«..  II  i.  f'.rm.l  i,  7“ 
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fruits,  such  as  the  banana,  strawberry,  pineapple  and  apple,  and 
in  the  sap  of  the  sugar  maple.  Cane  sugar  is  prepared  by  treat¬ 
ing  the  sap  or  juice  containing  it  with  milk  of  lime.  This  neu¬ 
tralizes  any  acids  present,  which  otherwise  would  hydrolyze  the 
sugar  during  evaporation.  The  mixture  is  boiled  to  remove  the 
protein,  the  calcium  is  removed  by  running  in  carbon  dioxide, 
and  the  solution  is  decolorized  either  with  animal  charcoal  or 
with  sulphur  dioxide.  After  being  boiled  and  filtered  the  liquid 
is  evaporated  in  vacuo,  and  the  cane  sugar  crystallizes  out.  The 
remaining  liquid  is  known  as  molasses,  and  still  contains 
considerable  quantities  of  sugar  which  may  be  obtained  by 
precipitation  as  calcium  or  strontium  saccharate.  From  this 
compound  the  cane  sugar  may  be  set  free  with  carbon  dioxide. 


V 


o 

a  a  £ 


Fig-.  i4. — Diagram  of  saccharose. 


Cane  sugar  is  readily  soluble  in  water,  less  so  in  alcohol,  and 
insoluble  in  ether.  The  aqueous  solution  is  very  sweet,  and 
is  strongly  dextrorotatory,  the  specific  rotation  being  +  66.5°. 
The  concentration  of  saccharose  is  often  determined  by  the 
polarimeter.  On  hydrolysis  it  yields  glucose  and  fructose. 

On  being  heated  to  about  160°  cane  sugar  melts  and  if  al¬ 
lowed  to  cool,  forms  a  glassy  mass  which  is  known  as  barley 
sugar.  At  about  200°  it  turns  brown,  forming  caramel. 

Cane  sugar  does  not  reduce  the  usual  carbohydrate  reagents, 
such  as  Fehling’s  solution,  and  it  does  not  form  an 
osazone  if  treated  with  phenylhydrazine.  This  is  due  to  its  mo¬ 
lecular  structure.  The  aldehyde  and  ketone  groups  of  its  con¬ 
stituents  are  no  longer  free.  On  long  boiling  with  these  reagents 
however,  or  after  the  action  of  an  inverting  enzyme  on  the  cane 
sugar,  the  solution  will  give  positive  reactions  with  the  above  ic- 
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agents,  since  the  sugar  is  split  into  its  constituent  parts.  The  hy¬ 
drolysis  or  splitting  of  cane  sugar  is  called  inversion  because  the 
solution,  originally  dextrorotatory,  is  levorotatory  after  hydroly¬ 
sis.  This  is  due  to  the  fact  that  the  hydrolyzed  solu¬ 
tion  contains  equal  quantities  of  glucose  and  fructose,  the  lattei 
of  which  rotates  more  strongly  to  the  left  than  does  glucose  to 
the  right.  The  mixture  is  known  as  “invert  sugar.”  A  solu¬ 
tion  of  cane  sugar  ferments  readily  with  ordinary  yeast,  which 
contains  an  enzyme  invertase  which  will  invert  the  cane  sugar. 
The  resulting  glucose  and  fructose  are  fermented  by  the  zymase. 
Two  per  cent  sucrose  is  as  sweet  as  3.8%  glucose  or  6.5% 
lactose. 
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Lactose. — Lactose  is  found  in  the  milk  of  all  mammals,  but 
does  not  occur  in  plants.  Cow’s  milk  contains  about  4%  lac¬ 
tose,  human  milk  about  5%  to  7%.  It  may  occur  in  the  urine  of 
women  during  pregnancy.  Lactose  is  prepared  from  whey. 
On  concentration,  lactose  crystallizes  out,  and  may  be  purified 
by  recrystallization  from  water.  The  crystals  are  hard  and 
gritty,  and  the  solution  is  not  so  sweet  as  that  of  cane  sugar. 
Lactose  is  composed  of  one  molecule  each  of  glucose  and  galac¬ 
tose.  It  is  manufactured  in  the  breast  gland  from  the  glucose 
of  the  blood.  This  is  an  interesting  example  of  the  conversion 
of  one  sugar  into  another  in  the  body,  since  a  portion  of  the 
glucose  must  be  changed  into  galactose. 

Lactose  responds  readily  to  the  reduction  tests  for  the  mono¬ 
saccharides.  The  galactose  is  not  united  to  the  first  C  atom 
of  glucose.  The  solution  of  lactose  is  dextrorotatory  The 
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specific  rotation  is  -f-  52.5°.  Lactose  does  not  ferment  with 
ordinary  yeast.  This  property  is  serviceable  in  identifying  it. 
It  should  be  remembered  that  lactose  will  give  the  mucic  acid 
test,  since  it  contains  galactose. 

Maltose. — Maltose  is  formed  in  the  hydrolysis  of  starch  or 
glycogen  by  amylase.  Since  this  enzyme  is  widely  distributed 
in  both  plants  and  animals,  maltose  may  be  found  wherever 
there  is  starch  or  glycogen 


Maltose  is  readily  soluble  in  water.  The  solution  is  not  so 
sweet  as  that  of  cane  sugar.  The  solution  is  dextrorotatory,  the 
specific  rotation  being  -(-136°.  This  value  varies,  however,  with 
concentration  and  temperature.  Maltose  reduces  Fehling’s  re¬ 
agent,  and  gives  an  osazone.  Its  structure  is  thus  con¬ 
sidered  to  be  similar  to  that  of  lactose  which  has  one  free  al¬ 
dehyde  group.  On  hydrolysis  it  yields  two  molecules  of  glu¬ 
cose.  Maltose  ferments  readily  with  yeast.  It  may  easily  be  dis¬ 
tinguished  from  glucose  by  hydrolyzing  with  dilute  acid.  After 
hydrolysis  the  reducing  power  of  the  solution  will  be  found  to 
have  altered,  since  two  molecules  of  glucose  are  now  piesent 
for  every  molecule  of  maltose  destroyed. 

Polysaccharides 

Members  of  the  polysaccharide  group  differ  from  one  another 
considerably  in  their  solubilities  and  other  propeities.  They 
are  found  in  both  plants  and  animals  in  which  they  form  reserve 
supplies  of  food  material.  In  plants  and  in  some  of  the  lower 
animals,  they  are  important  constituents  of  the  supporting 
framework  or  protective  covering.  The  membeis  of  this  group 
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are  made  up  of  several  molecules  of  monosaccharide  united  with 
loss  of  water  to  form  the  larger  polysaccharide  molecule.  The 
commoner  individual  polysaccharides  yield  only  one  kind  of 
monosaccharide  when  hydrolyzed,  thus  differing  from  the  other 
material  bases  which,  on  hydrolysis,  yield  varying  kinds  of  sim¬ 
pler  units.  Since  the  number  of  monosaccharide  molecules  which 
make  up  a  polysaccharide  molecule  is  obscure,  it  is  customary 
to  express  the  formula  with  the  indefinite  coefficient  n. 

Starch  (C6H10O6)n.  — Starch  is  a  plant  product,  and  is  found 
stored  in  leaves,  seeds,  fruits  and  tubers.  Grains  contain  as 
much  as  50-70%  of  their  dry  weight;  potatoes  contain  about 
20%  of  their  wet  weight.  Starch  forms  granules  of  more  or 
less  characteristic  shapes  which  are  serviceable  in  determining 
the  source  of  the  starch.  Thus  potato  starch  appears  as  egg- 
shaped  granules  which  often  show  concentric  lines.  Starch  is 
prepared  from  potatoes  or  grain  by  grinding  in  water,  filter¬ 
ing  through  sieves  to  remove  the  coarse  debris  and  allowing  the 
suspended  starch  particles  to  settle.  It  forms  a  white  amorphous 
powder  which  does  not  dissolve  in  cold  water.  If  boiled  with 
water,  the  granules  are  broken  open  and  the  starch  forms  an 
opalescent  solution.  Starch  is  insoluble  in  alcohol  and  ether. 
A  starch  solution  rotates  the  plane  of  polarized  light  to  the 
'  right.  It  will  not  reduce  Fehling’s,  or  similar  solutions,  and 
will  not  ferment.  The  characteristic  starch  test  is  the  formation 
of  a  blue  color  on  the  addition  of  a  few  drops  of  iodine  solu¬ 
tion.^  This  color  disappears  on  heating,  but  reappears  if  the 

solution  is  cooled.  Alkali  and  alcohol  also  destroy  the  blue 
color. 


On  boiling  with  dilute  acids  starch  is  broken  down  to 
glucose.  The  starch  passes  through  various  intermediate  stages 
the  nature  of  which  may  be  followed  by  the  iodine  test.  If 
portions  of  the  hydrolyzing  mixture  are  tested  with  iodine  from 
ime  to  time,  the  blue  color  soon  gives  place  to  red.  This  cor¬ 
responds  to  the  stage  known  as  erythrodextrin  (from  the  Greek 
word  meaning  "red”).  On  further  hydrolysis,  the  iodine  test 

“  ™  1  ™S  \the  achr00dextrin  ^  (Greek  word 

which  tho  t  r°r  ey°nd  thiS  StagG  maltose  is  f°rmed, 

then  breaks  up  into  glucose.  The  appearance  of  reducing 

lin"Lne  reC°8niZed’  SinCC  ‘he  miXtUre  WiU  Fell- 
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Starch  is  an  enormously  important  food  substance,  and  is 
widely  used  in  the  arts. 

Dextrins. — Little  need  be  said  of  the  dextrins  in  addition  to 
the  fact  that  they  are  intermediate  stages  formed  in  the  hydrol¬ 
ysis  of  starch  to  glucose.  There  probably  are  many  members 
of  the  group,  but  so  far,  little  is  known  of  the  different  individ¬ 
ual  dextrins.  Dextrins  themselves  probably  do  not  reduce  Feh- 
ling’s  solution,  or  only  slightly,  but  commercial  dextrin,  which 
is  prepared  by  the  partial  hydrolysis  of  starch,  usually  reduces 
Fehling’s  solution  slightly,  probably  because  the  mixture  con¬ 
tains  maltose  or  glucose  as  the  result  of  complete  hydrolysis  of 
some  of  the  material.  Dextrin  solutions  do  not  ferment,  and 
give  a  red  color  (erythrodextrin)  or  no  color  (achroodextrin) 
with  iodine  according  to  the  extent  of  the  hydrolysis.  Dex¬ 
trins  are  readily  soluble  in  water,  but  are  precipitated  by  the 
addition  of  alcohol.  The  aqueous  solution  is  dextrorotatory. 

Inulin. — Inulin  occurs  in  various  plants  and  is  found  to  the 
extent  of  10-12%  in  the  tubers  of  the  dahlia.  It  is  soluble  in 
hot  water,  and  gives  a  yellow  or  brownish  color  with  iodine. 
It  is  interesting  chiefly  because  on  hydrolysis  it  yields  fruc¬ 
tose  instead  of  glucose.  It  does  not  reduce  Fehling’s  solution, 
and  its  solution  is  levorotatory. 

Gums  and  Mucilages. — The  gums  and  mucilages  are  widely 
distributed  and  on  hydrolysis  yield  various  pentoses  and  hex- 
oses,  and  acids.  They  vary  greatly  in  their  solubilities. 

Cellulose. — Cellulose  (Fig.  17)  is  chiefly  important  in  form¬ 
ing  a  large  part  of  the  structural  framework  of  plants.  The  plant 
cell  walls  are  made  up  of  cellulose  mixed  with  lignin  and  other 
substances.  Cellulose  is  found  also  in  certain  lower  animals,  the 
tunicates.  Cellulose  is  insoluble  in  the  ordinary  solvents.  It 
dissolves,  however,  in  Schweitzer’s  reagent,  an  ammomacal  solu¬ 
tion  of  copper  hydroxide,  and  in  some  other  reagents.  Cellulose 
derivatives  are  extensively  used  in  the  arts.  Thus  nitrocellu- 
loscs  of  varying  composition  are  used  in  the  manufacture  of  ex¬ 
plosives,  collodion,  celluloid  and  artificial  lacquer.  From  cellu¬ 
lose,  artificial  silk  and  sausage  casing  also  are  prepared.  . 

There  has  been  much  discussion  as  to  whether  cellulose  is  of 
value  as  a  food.  Undoubtedly  this  is  the  case  in  herbivora.  In 
man  it  is  of  little  food  value,  but  serves  a  useful  purpose  in 
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giving  bulk  to  the  food  and  thus  stimulating  the  muscular  ac¬ 
tivity  of  the  large  intestine.  About  10  g.  per  day  of  the  cellu¬ 
lose  of  young  and  tender  lettuce  and  asparagus  may  be  50% 
utilized  by  the  body  as  food.  There  is  no  enzyme  in  the  digestive 
juices  capable  of  hydrolyzing  cellulose,  so  that  disintegration 
must  be  due  to  the  action  of  intestinal  bacteria.  The  products 
of  cellulose  digestion  are  acetic  and  other  acids. 
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Fig.  17. — Diagram  of  cellulose. 


Glycogen.  Glycogen  is  found  in  the  organs  and  tissues  of 

animals,  and  also  in  some  plants  (yeast).  It  serves  as  a  reserve 
fuel  or  food  supply.  The  chief  depots  for  glycogen  deposit 
aie  the  liver  and  the  muscles.  Glycogen  is  found  in  oysters, 
scallops  and  other  mollusks.  Glycogen  may  be  prepared  from 
the  liver  of  an  animal  which  has  just  been  killed.  The  liver  is 
ground  in  a  mortar  with  sand,  extracted  with  boiling  water  and 
s  ightly  acidified  with  acetic  acid.  If  the  extraction  is  not  made 
at  once  after  the  death  of  the  animal,  the  glycogen  supply  will 
be  greatly  diminished  or  disappear  altogether,  as  it  is  rapidly 
hydrolyzed  to  glucose  by  autolytic  enzymes  in  the  liver  tissue, 
heeding  rabbits  for  a  day  or  two  on  carrots  before  killing  will 
insure  a  liberal  supply  of  glycogen  in  the  liver. 

™iTyC°+geVS  a  WhUe  am0rphous  P°wder  which  dissolves  in 
d  water,  forming  an  opalescent  solution.  This  solution  gives 
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a  wine  red  or  brown  color  with  iodine.  It  does  not  reduce  Feh- 
ling  s  solution,  is  not  fermented  by  yeast,  and  is  dextrorotatory. 
On  boiling  with  dilute  acids,  glycogen  is  hydrolyzed  to  glucose. 

After  hydrolysis  the  solution  will,  of  course,  reduce  Fehling’s 
solution. 

Glycosides. — The  di-  and  polysaccharides  may  be  looked  up¬ 
on  as  glycosides,  that  is  to  say,  union  occurs  with  the  hydroxyl 
formed  on  the  carbonyl  C  atom  of  one  monosaccharide  as  the 
result  of  the  ring  formation,  and  when  in  this  union  the  ring 
cannot  open  up.  It  is  not  reducing  to  cupric  hydroxide  or 
other  substances.  When  two  sugars  are  united  in  this  way, 
they  may  either  both  combine  by  this  hydroxyl,  as  in  cane 
sugar,  which  is  nonreducing,  or  one  may  be  united  by  this 
hydroxyl  and  the  other  by  one  of  the  other  hydroxyls  and 
hence  be  reducing.  When  one  substance  is  a  sugar  and  the 
other  a  nonsugar,  the  nonsugar  is  called  the  aglucone.  If  the 
sugar  is  glucose,  a  compound  is  formed,  known  as  a  glucoside, 
but  if  it  is  any  other  sugar  or  sugar  derivative,  the  compound 
comes  under  the  general  term  of  glycoside.  A  great  variety  of 
substances  may  act  as  aglucones  in  the  formation  of  glycosides. 
Hosts  of  these  occur  in  plants.  The  aglucones  may  be  aromatic 
compounds,  or  dyes,  or  sterol  derivatives  or  many  other  sub¬ 
stances.  All  that  is  necessary  is  the  possession  of  a  hydroxyl 
group  for  glycoside  union.  Glyosides  include  many  substances 
of  bitters  (for  instance,  of  sarsaparilla)  ;  also  of  soap  bark,  in 
which  case  the  saponin  may  replace  soap  in  the  washing  of 
clothes.  Many  of  the  coloring  matters  of  blossoms  are  gluco- 
sides.  The  digitalis  group  of  heart  stimulants  are  glycosides 
of  cholane  derivative  (see  Fig.  7,  page  75). 

The  peculiar  interest  of  glycosides  in  physiological  chemistry 
lies  in  the  detoxication  compounds.  Many  poisons  taken  into 
the  system  are  detoxicated  by  being  conjugated  with  a  sub¬ 
stance  resulting  in  a  compound  which  is  less  toxic.  When 
conjugated  with  glucose  the  latter  is  oxidized  to  glucuronic 
acid.  Whether  glucose  can  be  oxidized  to  glucuronic  acid 
before  glucoside  union  takes  place  is  a  question  which  is  some¬ 
times  debated,  but  the  main  facts  of  the  case  are  that  poisons 
are  often  eliminated  as  glycosides  of  glucuronic  acid  in  the 
urine.  Usually  they  have  not  been  isolated,  but  the  glycoside 
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is  hydrolyzed  and  the  glucuronic  acid  is  determined  by  the 
same  reducing  methods  with  which  glucose  is  determined. 

CHO 

I 

H— C— OH 

I 

HO— C— H 

I 

H— C— OH 

I 

II— C— OH 

I 

COOH 

Glucuronic  acid 

d-Glucuronic  acid  is  ordinarily  obtained  by  hydrolysis  of  its 
glycoside.  An  easy  method  for  obtaining  it  is  by  feeding 
menthol  to  an  animal,  separation  of  the  conjugated  glucuronate 
of  menthol  from  the  urine,  and  the  hydrolysis  of  this  to  give 
the  free  glucuronic  acid,  CHO(CHOH)4COOH.  A  glycoside 
of  glucuronic  acid  from  plants  could  formerly  be  obtained  on 
the  market  and  was  used  as  a  dye,  but  because  of  the  develop¬ 
ment  of  the  aniline  dyes  it  is  more  difficult  to  obtain.  A  large 
number  of  conjugated  glucuronates  have  been  found  in  the 
urine,  among  them  the  glucuronates  of  the  putrefaction  prod¬ 
ucts  of  the  intestine— phenol,  indole,  and  skatole;  also  the 
glucuronates  of  flavors,  such  as  menthol  from  mint,  besides  the 
glucuronates  of  a  large  number  of  drugs  used  in  medicine 
(cresol,  camphor,  borneol,  menthol,  thymol,  naphthalene,  anti- 
pyrine,  turpentine,  oxyquinolines,  ortho-nitrotoluene,  isopropyl 
or  amyl  alcohol  or  chloral  hydrate).  Many  of  these  conjugated 
glucuronates  are  levorotatory,  but  the  free  glucuronic  acid  is 
dextrorotatory  and  gives  the  same  reduction  tests  as  glucose  but 
is  not  fermented  by  yeast. 


CHAPTER  V 
PROTEINS 


Introduction. — The  group  of  the  proteins  is  of  great  im¬ 
portance  in  nature,  both  in  plants  and  in  animals.  Members  of 
this  group  are  found  in  every  living  cell,  and  are  necessary 
for  the  life  of  the  organism.  An  animal  may  get  on  very  well 
for  a  long  time  on  a  diet  containing  no  carbohydrate,  but 
if  fed  on  a  diet  containing  no  protein  or  amino  acids,  the  animal 
will  die.  Plants  build  up  their  own  proteins  from  nitrogen  com¬ 
pounds  of  the  soil  or  air,  but  animals  are  dependent  upon  plants 
or  other  animals  for  the  materials  out  of  which  they  construct 
their  proteins.  Plant  structures  contain  large  amounts  of  carbo¬ 
hydrates  along  with  protein  and  other  materials,  but  the  tissues 
of  animals  are  made  up  largely  of  proteins.  Thus  muscle, 
nerve,  ligament,  skin,  bone,  blood,  lymph,  hair,  nails,  feathers 
and  eggs  all  contain  much  protein.  Often  it  is  their  chief 
solid  constituent.  In  plants  we  find  stores  of  protein  laid  awa\ 
in  seeds,  such  as  the  grains,  and  in  many  other  places. 

Elementary  Composition. — The  simple  proteins  differ  very 
widely  among  themselves  in  many  properties,  but  they  are 
similar  in  certain  respects,  as  for  example  in  their  elementary 
composition,  for  all  of  them  contain  carbon,  hydrogen,  oxygen 
and  nitrogen.  Some  contain  sulphur  also.  In  addition  to  these 
elements  we  sometimes  find  others,  such  as  iodine,  or  bromine. 
Simple  proteins  show  individual  variations  in  composition,  but 
an  average  percentage  is  as  follows : 

C  53%  N  16% 

H  7%  S  1% 

0  23% 

The  carbon  forms  the  backbone  of  the  protein  as  long  branched 
chains  to  which  the  other  elements  are  attached.  Oxygen  is 
present  in  a  proportion  smaller  than  in  the  carbohydrates,  but 
greater  than  in  the  fats.  Nitrogen  is  present  in  various  group¬ 
ings,  chiefly  as  imid— NH—  groups  which  form  the  links  holding 
the  various  parts  of  the  protein  together;  as  amino  groups 
— NH2 ;  and  as  —  CONH2.  These  last  two  forms  represent  only 
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a  small  part  of  the  total  nitrogen.  Sulphur  is  present  for  the 
most  part  in  unoxidized  form  — S —  in  one  or  two  of  the  constit¬ 
uents  of  the  protein  molecule. 

Conjugated  proteins  may  contain  Fe,  Cu,  Mn,  or  P.  Phos¬ 
phorus  is  present  in  oxidized  form  as  phosphate. 

Classification. — A  knowledge  of  the  percentage  composition, 
such  as  that  given  above,  affords  us  no  clue  to  the  structure  of 
the  protein  molecule,  which  is  very  complex.  Our  knowledge  of 
the  actual  structure  of  the  proteins  is  so  limited  that  a  classi¬ 
fication  of  the  group  has  been  worked  out  chiefly  along  other 
lines,  making  use  of  solubilities  and  source  to  distinguish 
groups,  in  connection  with  knowledge  of  chemical  components 
so  far  as  such  information  is  available.  The  classification 
adopted  by  the  American  Society  of  Biological  Chemists  is  as 
follows : 


I.  Simple  Proteins.  II. 

1.  Albumins 

2.  Globulins 

3.  Glutelins 

4.  Prolamins 

5.  Albuminoids 

6.  Histons 

7.  Protamines 


Conjugated 

TEINS. 

1.  Glucoproteins 

2.  Phosphoproteins 

3.  Hemoglobins 

4.  Nucleoproteins 

5.  Lecithoproteins 


Pro-  III.  Derived  Proteins. 

A.  Trimary  Protein  De¬ 
rivatives. 

1.  Proteans 

2.  Metaproteins 

3.  Coagulated  Pro¬ 
teins 


B.  Secondary  Protein 
Derivatives 

1.  Proteoses 

2.  Peptones 

3.  Peptids 

1  his  classification  is  by  no  means  final  or  ideal.  Compounds 
are  known  which  do  not  fall  well  into  any  group,  whereas 
others  seem  to  be  intermediate  between  two  groups.  This  class¬ 
ification  serves  very  well,  however,  to  bring  comparative  order 
out  of  chaos  until  more  is  known  of  the  structural  differences 
which  differentiate  the  various  members  of  the  group.  Another 
classification,  in  use  by  English  biochemists,  differs  only  slight¬ 
ly  from  that  given  above.  Hemoglobins  are  called  chromopro- 
tems ;  albuminoids,  scleroproteins ;  and  the  third  division  is  sub¬ 
divided  somewhat  differently  in  the  English  classification. 

Preparation  of  Proteins  from  Materials  in  Which  They  Oc 
eur.-Most  proteins  occur  naturally  mixed  with  a  large  number 
of  other  materials.  Only  a  few  are  found  in  a  fairly  pure 
state  in  nature.  For  purposes  of  study  it  is  desirable  to  get 
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them  as  free  as  possible  from  other  compounds.  Various  meth¬ 
ods  are  useful,  according  to  the  properties  of  the  protein  to  be 
isolated  and  those  of  the  other  substances  present  in  the  mixture 
01  tissue.  But  even  at  best  the  purification  of  a  protein  is  a 
difficult  task  and  when  finished  it  is  often  uncertain  whether 
oi  not  the  substance  is  contaminated  by  some  other  protein  of 
very  similar  composition  and  properties  or  by  other  compounds. 
Plant  proteins  often  may  be  dissolved  out  with  10%  sodium 
chloride  or  with  alcohol  and  separated  from  one  another  by 
dialyzing  the  salt,  or  by  fractional  precipitation.  In  preparing 
proteins  from  animal  tissues,  the  process  is  made  somewhat 
more  difficult  by  the  fact  that  such  tissues  contain  larger 
amounts  of  autolytic  enzymes.  These  have  the  property  of 
breaking  down  the  cell  constituents  or  altering  them  if  the  tis¬ 
sues  are  allowed  to  stand  tfor  some  time  before  the  proteins  are 
extracted.  Also,  it  is  difficult  to  free  the  proteins  from  the  fatty 
or  phospholipin  constituents  of  the  cell  without  altering  the 
nature  of  the  protein  itself.  Various  solvents  may  be  used,  such 
as  salt  solutions,  dilute  acids  or  alkalies.  A  method  which  is 
very  satisfactory  consists  in  freezing  the  tissue  quickly,  reduc¬ 
ing  it  to  a  fine  powder  and  drying  while  still  frozen.  This  ma¬ 
terial  then  may  be  extracted  with  acetone  and  ether  to  remove 
fats,  phospholipins,  and  cholesterol.  The  residue  is  extracted 
with  10%  sodium  chloride  solution,  and  the  various  proteins 
separated  by  fractional  precipitation. 

Some  of  the  proteins  may  be  purified  by  re-crystallization. 

Molecular  Weight. — The  molecular  weight  of  the  proteins  is 
very  high.  Estimation  of  the  molecular  weight  has  been  at¬ 
tended  by  great  difficulties,  because  of  the  practical  limita¬ 
tions  in  obtaining  pure  proteins,  and  because  of  the  unstable 
nature  of  the  proteins  themselves.  The  molecular  weight  of 
these  compounds  is  so  great  that  they  cause  only  a  very  slight 
lowering  of  the  freezing  point,  so  that  this  method  of  detei  min¬ 
ing  molecular  weight  has  given  results  of  questionable  reliabil¬ 
ity.  The  boiling  point  method  cannot  be  used,  as  some  proteins 
coagulate  on  heating.  Various  other  methods  have  been  devised, 
however,  and  as  fairly  uniform  results  of  minimum  molecular 
weight  are  obtainable  by  different  methods  of  analysis,  we  may 
draw  fairly  accurate  conclusions  as  to  the  minimum  molecular 
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weights.  One  of  the  methods  employed  consists  in  estimating  the 
sulphur  content  of  the  protein.  If  the  substance  contains  0.5% 
sulphur  then  sulphur  makes  up  1/200  of  the  protein,  and  the 
molecular  weight  will  be  200  times  the  atomic  weight  of  sulphur 
(32)  or  6400.  If  there  are  two  sulphur  atoms  in  the  protein, 
the  molecular  weight  of  the  protein  will  thus  be  200  X 
64  =  12,800.  Calculated  on  this  basis  most  of  the  pro¬ 
teins  will  have  a  molecular  weight  of  from  14,000-16,000. 
Calculating  the  molecular  weight  in  other  ways,  such  as  from 
the  amount  of  oxygen  some  of  the  proteins  will  take  up,  gives 
practically  identical  figures. 

Recently  Svedberg  has  perfected  the  method  of  determining 
the  molecular  weight  of  proteins  by  means  of  the  action  of 
centrifugal  force  on  the  solutions.  The  instrument  he  uses  for 
this  purpose  is  called  the  ultracentrifuge  because  of  its  very 
high  speed.  There  are  two  main  methods.  In  one  the  protein 
is  centrifuged  to  equilibrium  at  that  speed  and  depends  on 
measuring  its  concentration  at  two  levels  or  distances  away 
from  the  axis  of  rotation.  A  second  method  is  that  of  deter¬ 
mining  the  sedimentation  velocity.  The  mathematics  is  quite 
complicated.  Svedberg  and  his  coworkers  have  found  that 
the  molecular  weights  of  most  proteins  studied  are  approximate 
multiples  of  34,500 ;  for  instance,  that  of  ovalbumin  is  34,500 ; 
hemoglobin,  68,000;  serum  globulin,  104,000;  phycocyanin  (a 
coloring  matter  of  plants),  105,900;  phycoerythrin  (another 
coloring  matter  of  plants),  207,000;  thyroglobulin,  680,000; 

hemocyanin  (the  green  blood  pigment  of  some  mollusks  and 
crustaceans),  5,000,000. 


Hydrolysis.— Any  consideration  of  the  molecular  structure 
of  compounds  having  such  enormous  molecules  would  seem  to 
present  almost  insurmountable  obstacles.  As  the  result  of  the 
work  chiefly  of  Kossel,  Emil  Fischer,  Abderhalden,  and  Os¬ 
borne,  however,  much  light  has  been  thrown  on  the  subiect 
U  has  been  found  that  proteins  if  boiled  with  concentrated  acids,' 
"ith  alkalies,  or  if  acted  on  by  certain  enzymes  will  break  down 
ultimately  into  fairly  simple  chemical  snbstanees.  These  are 
the  «  ammo  acids.  On  hydrolysis,  all  proteins  are  broken 
own  into  a  mixture  of  these  compounds,  of  which  about  twen¬ 
ty-two  have  been  obtained  from  proteins.  All  proteins,  what- 
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ever  their  nature,  yield  these  same  compounds.  A  method  for 
the  isolation  of  the  indvidual  amino  acids  was  developed  by 
Emil  Fischer  who  converted  the  acids  into  their  ethyl  esters. 
These  'esters  were  then  fractionally  distilled  in  vacuo.  From 
the  different  fractions,  individual  amino  acids  were  obtained  by 
hydrolyzing  the  esters  and  converting  the  acids  into  their  salts, 
which  then  were  isolated  by  fractional  crystallization.  All  the 
amino  acids  are  not  obtained  from  every  protein,  but  in  general  a 
protein  yields  most  of  them.  Many  proteins  lack  one,  two,  three, 
or  perhaps  more,  and  a  few  proteins  are  made  up  of  relatively 
few  different  amino  acids.  The  analytical  methods  in  use  do 
not  give  products  to  the  amount  of  100%  of  the  original  pro¬ 
tein,  for  there  are  losses  at  various  stages  in  the  process.  Usu¬ 
ally  only  about  %  of  the  original  substance  is  accounted  for. 
From  some  proteins  85-90%  has  been  recovered,  and  in  the 
case  of  salmin  110%,  this  apparently  impossible  result  being 
accounted  for  by  the  taking  up  of  water  in  hydrolysis.  It  is 
easy  to  understand  the  causes  for  the  difference  in  behavior  of 
different  proteins.  Some  of  the  amino  acids  are  difficult  to 
isolate. 

General  Properties  and  Reactions  of  Amino  Acids. — Solubil¬ 
ity,  Taste,  Optical  Activity—  The  amino  acids  obtained  by 
hydrolysis  of  protein  are  crystalline  substances,  which  are 
readily  soluble  in  water,  with  the  exception  of  cystine,  which 
dissolves  with  difficulty  in  both  cold  and  hot  water,  and  of 
tyrosine,  which  is  quite  insoluble  in  cold  water,  but  dissolves 
more  readily  in  hot  water.  Solutions  of  monoamino-monocar- 
boxy  lie  acids  are  nearly  neutral  in  reaction.  Solutions  of  dicar- 
boxylic  acids  are  acid,  and  of  diamino  acids  are  alkaline.  The 
solutions  of  monoamino-monocarboxylic  acids  in  reality  have 
both  acid  and  basic  properties  and  should  properly  be  classed  as 
amphoteric.  They  all  dissolve  in  dilute  acids  or  alkalies,  except 
cystine,  which  is  not  readily  soluble  in  dilute  ammonia.  The 
amino  acids  vary  in  taste.  Glycine,  alanine,  and  norleucine  are 
sweet,  leucine  is  tasteless,  and  isoleucine  is  bitter.  With  the 
exception  of  glycine,  all  the  amino  acids  are  optically  active 
and  exist  in  two  forms,  (+)  and  (-).  Alanine,  valine,  isoleucine, 
glutamic,  hydroxy  glutamic,  and  aspartic  acids,  arginine,  eitrul- 
line,  and '  lysine  are  (+)  ;  the  others  are  (-).  Levene  called 
them  all  1,  because  they  may  be  derived  from  1-glucose.  If  pro- 
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teins  are  broken  down  by  hydrolysis  with  alkali,  the  resulting 
amino  acids  are  racemic,  that  is,  they  exist  as  equal  amounts  of 
the  two  optical  isomers.  The  form  of  the  acids  not  present  in 
the  protein  is  believed  to  be  produced  during  the  hydiolysis.  Hy¬ 
drolysis  by  enzymes,  and  to  a  certain  extent  by  acids,  produces 
optically  active  (1)  acids,  either  dextro-  (+)  or  levorotatory  (— ), 
but  does  not  cause  racemization. 

Acids,  Bases. — The  amino  acids  add  on  acids,  such  as  hydro¬ 
chloric,  at  the  amino  group.  Thus  glycine 

TI 

HC— COOH 

I 

N 

HH 

adds  hydrochloric  acid 

COOH  COOH  H 

I  I  / 

C  —  NH2  +  HC1  -*  C  —  N  =  Il2 
h2  H2  \ 

Cl 

The  acid  raises  the  valence  of  the  nitrogen  to  five. 

They  also  interact  with  bases  to  form  salts. 


H 


2C  —  COOH  +  NaOH  C  —  COONa  +  H 

I  I 

nh2  NH2 


20 


At  the  amino  group  the  amino  acids  add  on  the  salts  of  certain 
metals,  such  as  cupric  chloride  and  mercuric  chloride.  This 
piopeity  is  often  made  use  of  to  precipitate  amino  acids. 

Formaldehyde.— With  formaldehyde,  amino  acids  form  meth¬ 
ylene  compounds.  The  basic  properties  of  the  amino  group  are 
thus  greatly  reduced,  and  the  terminal  carboxyl  group  can  be 
titrated  with  a  standard  alkali.  On  this  process  a  much  used 
method  for  estimating  amino  acids  is  based  (Sorensen’s  method) 

H  H 

HC  —  NH2  -f  H2CO  HC  — N  =  CH2  +  H20 


COOH 


COOH 


Nitrous  Acid. — With  nitrous  acid  the 
broken  down.  Their  nitrogen  is  liberated 


a  amino  acids  are 
in  the  form  of  the 
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free  gas.  I  his  will  be  recognized  as  the  familiar  reaction  of 
nitrous  acid  with  primary  amines. 

COOH  COOH 

I  I 

H2CNH2  +  HONO  HC— OH  -f  N2  +  H20 

I 

H 


Uhis  reaction  is  the  basis  for  the  Van  Slyke  method  for  estimat¬ 
ing  amino  acids,  a  method  which  has  proved  most  useful  in 
helping  to  settle  some  of  the  difficult  questions  with  reference 
to  the  fate  of  the  proteins  in  the  body.  From  this  brief  re¬ 
view  of  some  of  the  important  facts  relating  to  the  amino  acids 
we  will  turn  our  attention  to  the  general  properties  and  reac¬ 
tions  of  the  proteins  themselves. 

Color  Tests.— -The  color  tests,  ninhydrin,  sulphur,  Millon’s, 
xanthoproteic,  Ilopkins-Cole,  and  biuret,  are  given  by  certain 
groupings  or  certain  amino  acids  generally  found  in  the  protein 
molecule.  If  the  amino  acids  upon  which  a  test  depends  are  ab¬ 
sent  from  a  particular  protein,  that  protein  will  not  respond  to 
the  test  in  question. 

Ninhydrin  gives  a  blue  color  with  a  amino  groups. 


0 

H  || 

C  C 

//  \  / 

HC  C 

I  II 

IIC  C - 

^  / 

C 

H 


\/OH 

y\oH 

— c=o 


Oxidation. — Oxidation  of  amino  acids  may  yield  a  variety  of 
products  according  to  the  strength  of  the  oxidizing  agent.  The 
NH2  groups  are  not  split  off  by  acids  or  by  alkalies  to  any  ex¬ 
tent.  Alkalies,  however,  split  arginine  into  ornithine  and 
urea,  and  split  off  the  sulphur  from  cystine  and  cysteine.  The 
small  amount  of  ammonia  given  off  in  acid  hydrolysis  of  pro¬ 
tein  is  believed  to  come  from  the  few  acid  amid  groups 
_ CO _ NH2  present.  Oxidation  with  permanganate  or  hydro¬ 
gen  peroxide  yields  pyruvic  acid  from  alanine.  This  compound 
is  interesting  since  it  is  believed  to  be  one  of  the  steps  in  the 
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breaking  down  of  carbohydrates  in  the  body,  and  thus  may  be 
a  substance  by  way  of  which  amino  acids  and  monosaccharides 
can  be  converted  into  one  another  in  the  body.  Pyruvic  acid 
has  the  formula 

CH3 

I 

c  =  o 
I 

COOH 


Amino  Acids  Found  in  Proteins.  Monoamino-monocarboxylic 

Acids 


Glycine  is  amino  acetic  acid,  CH2NH2COOH  and  was  dis¬ 
covered  by  Braconnot  in  1820  by  hydrolyzing  glue.  Since  it 
is  sweet  and  is  an  amine  it  is  called  glycine.  It  may  be  synthe¬ 
sized  by  the  body,  for  when  benzoic  acid  (or  food,  such  as  cran¬ 
berries,  containing  the  benzoic  acid  radical)  is  eaten,  it  is 
conjugated  with  glycine  in  the  body  to  form  hippuric  acid, 
which  means  “horse-urine-acid,  ”  since  it  was  first  found  in 
the  urine  of  horses.  By  feeding  an  animal  large  quantities  of 
benzoic  acid,  large  quantities  of  hippuric  acid  are  excreted  in 
the  urine;  hence  large  quantities  of  glycine  must  be  synthe¬ 
sized.  Only  a  very  few  persons  are  found  who  do  not  perform 
this  synthesis,  and  when  benzoic  acid  is  fed  to  them  it  is  found 
in  the  urine.  If  such  persons  are  fed  glycine  together  with 
benzoic  acid,  hippuric  acid  is  found  in  the  urine. 

Alanine  is  a-amino-propionic  acid,  CII3CHNH2COOH.  It  was 
discovered  in  1898  by  Weyl,  and  it  is  supposed  that  it  may  be 
synthesized  in  the  body. 

Serine  is  /Miydroxy-a-amino-propionie  acid  or  ^-hydroxy- 
alanine^,  CH2OHCHNII2COOH,  and  was  discovered  by  Cramer 
in  1865.  As  its  name  implies,  it  may  be  obtained  by  the 
hydrolysis  of  silk. 
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Methionine  is  y-methylthiol-a-aminobutyric  acid,  discovered 
by  Mueller  in  1925.  It  is  essential  in  the  diet. 

Sulphur  Test. — If  concentrated  sodium  hydroxide  and  lead 
acetate  are  added  to  a  protein  solution  and  the  mixture  boiled, 
a  brown  or  black  color  appears.  The  unoxidized  sulphur  of 
the  methionine,  cysteine  or  cystine  is  split  off  and  combines  with 
the  lead  to  form  the  dark  brown  or  black  lead  sulphide. 

a-Amino-/?-hydroxy  butyric  acid  is  CH3CHOHCHNH2COOH. 
Recently  Rose  found  that  rats  will  not  grow  unless  this  amino 
acid  is  present  in  the  diet.  He  called  it  threonine. 

Valine  is  a-amino-isovaleric  acid,  (CH3)2CHCHNH2COOH, 
and  was  discovered  in  proteins  by  E.  Fischer  in  1901.  It  is 
necessary  in  the  diet. 

Norleucine  is  a-amino-caproic  acid,  CH3(CH2)3CHNH2COOH, 
and  was  discovered  by  Thudicum  in  1901.  Most  of  the  prepa¬ 
rations  on  the  market  have  been  synthesized. 

Leucine  is  a-amino-iso-caproic  acid,  (CH3)2CHCH2CHNH2- 
COOH,  and  was  discovered  in  proteins  by  Braconnot  in  1820. 
It  is  essential. 

Isoleucine  is  a-amino-/?-methyl-/?-ethyl  propionic  acid,  Me- 
(Et)-CHOHNH2COOH.  It  was  discovered  by  F.  Ehrlich  in 
1903.  According  to  Rose,  the  white  rat  will  not  grow  unless 
quite  a  large  percentage  of  isoleucine  is  in  the  diet. 

Monoamino-dicarboxylic  Acids 

Dicarboxylic  acids  (including  cystine)  injure  the  kidneys 
when  injected  intravenously  in  a  large  quantity. 

Aspartic  acid  is  amino-succinic  acid,  HOOCCH2CHNH2- 
COOH.  It  was  discovered  in  proteins  by  Ritthausen  in  1868. 
Aspartic  acid  occurs  also  as  the  amid,  asparagine,  a  substance 
which  was  already  known  in  asparagus. 

Glutamic  acid  is  a-amino-glutaric  acid,  HOOCCH2CH2- 
CHNH2COOH,  and  was  discovered  in  1866  by  Ritthausen. 
There  are  large  quantities  of  glutamic  acid  in  the  proteins  of 
bread.  Many  sects  of  Buddhism  forbid  their  members  to  eat 
meat  but  in  order  to  obtain  the  flavor  of  meat  various  food 
sauces  have  been  prepared.  Ikeda  analyzed  a  number  of  these 
sauces,  chiefly  those  made  of  seaweed,  and  claimed  that  the 
essential  flavoring  substance  was  the  mono-sodium  salt  of 
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glutamic  acid.  The  neutralized  acid  hydrolysates  of  both  an¬ 
imal  and  plant  proteins  have  this  same  flavor. 

^-hydroxy-glutamic  acid  was  discovered  by  Dakin  in  1918. 


Aromatic  Amino  Acids 

Phenylalanine  is  a-amino-/?-phenyl-propionic  acid, 


/  — CH2CIINH2COOH, 


and  was  discovered  in  proteins  in  1881  by  Schulze  and  Barbieri. 
It  is  one  of  the  essential  amino  acids  (necessary  in  the  diet). 

Tyrosine  is  p-hydroxy-phenylalanine  and  was  discovered  in 
proteins  by  Bopp  in  1849.  It  is  very  poorly  soluble,  and 
Liebig  had  observed  it  in  1846  as  a  product  of  cheese  but  did 
not  know  that  it  was  produced  by  the  hydrotysis  of  a  protein. 
Many  persons  considered  it  an  essential  amino  acid  in  the  diet, 
but  Rose  finds  that  whereas  phenylalanine  is  essential,  ty¬ 
rosine  is  not,  and  that  tyrosine  cannot  be  substituted  for 
phenylalanine.  Tyrosine  and  proteins  containing  it  give  Mil- 
Ion’s  test  as  well  as  the  xanthoproteic  test. 

Millon \s  Test. — If  a  few  drops  of  Millon’s  reagent  (a  solution 
made  by  dissolving  mercury  in  concentrated  nitric  acid)  is 
added  to  a  protein  solution,  a  yellowish  precipitate  forms.  On 
boiling,  this  precipitate  turns  rose  pink.  If  the  boiling  is  con¬ 
tinued  the  pink  color  is  destroyed  and  the  precipitate  turns 
brown.  At  times  the  whole  solution  becomes  pink.  If  the 
protein  happens  to  be  insoluble,  it  will  give  the  test  quite  as 
well,  turning  a  very  decided  pink  or  red.  The  test  depends  on 
the  presence  in  the  protein  of  tyrosine,  and  is  given  only  by 
those  proteins  which  contain  this  amino  acid. 
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tuted.  Chlorides,  alcohol  or  hydrogen  peroxide  will  interfere 
with  the  test.  Thus  it  is  not  serviceable  to  test  urine  for  pro¬ 
tein,  since  urine  contains  large  amounts  of  sodium  chloride. 

Xanthoproteic  Test. — If  a  protein  is  warmed  with  concen¬ 
trated  nitric  acid,  the  mixture  turns  lemon  yellow.  On  the  ad¬ 
dition  of  alkali  the  color  changes  to  a  deep  orange.  The  pro¬ 
tein  need  not  be  in  solution.  Students  of  chemistry  will  recall 
having  performed  this  test  upon  themselves  by  getting  con¬ 
centrated  nitric  acid  upon  the  fingers  and  applying  soap,  pro¬ 
ducing  the  familiar  yellow  spots.  The  skin  is  made  of  protein 
material.  This  test  depends  upon  protein  constituents  contain¬ 
ing  the  benzene  ring,  named  tyrosine  and  tryptophan.  Phenyl¬ 
alanine  gives  the  test,  only  on  prolonged  boiling. 


3,  5  Diiodotyrosine,  HO — — CH2CHNH2COOH,  was 

I 

I 


discovered  in  1896  by  Drechsel  in  the  hydrolytic  products  of 
the  horny  skeleton  of  gorgonians  or  sea  fans.  Hence  the  name 
iodogorgonic  acid.  It  is  also  found  in  the  bath  sponge  and 
in  the  thyroid  gland. 

I  I 

L  I 

Thyroxine,  HO — ^  — 0 — / — CH2CHNH2COOH, 

r  r 

i  i 

was  discovered  by  Kendall  in  1915  and  is  the  hormone  of  the 
thyroid  gland.  It  was  synthesized  by  Harington.  Since 
iodine  makes  up  over  65%  of  the  weight  of  thyroxine,  the 
thyroid  gland  cannot  produce  thyroxine  without  available 
iodine.  It  is  found  that  when  iodine  is  very  low  in  the  diet 
the  body  holds  on  to  it  very  tenaciously  and  with  only  about 
0.02  mg.  per  day  in  the  diet  several  milligrams  will  be  built 
up  into  thyroxine.  With  this  great  evidence  of  body  economy, 
which  far  surpasses  that  for  any  other  substance,  it  seems 
strange  that  a  great  deal  of  the  literature  is  taken  up  with 
discussions  of  why  the  body  is  not  able  to  get  along  with  less 
iodine,  postulating  that  unsaturated  fatty  acids,  bacteria,  and 
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many  other  substances  withhold  iodine  from  the  body,  causing' 
a  deficiency.  The  body  is  many  times  more  economical  with 
iodine  than  it  is  with  chlorine.  Why  not  argue  more  about 
the  daily  excretion  of  nearly  6,000  mg.  of  chlorine  in  the  urine 
than  the  loss  of  about  0.02  mg.  of  iodine  a  day  from  the  body  ? 

Heterocyclic  Amino  Acids 

Tryptophan  is  /S-indole-a-amino-propionic  acid  and  was  dis¬ 
covered  by  Hopkins  and  Cole  in  1901.  Many  chemists  had 
hydrolyzed  proteins  with  acid  and  isolated  amino  acids  from 
the  hydrolysate  and  had  never  found  tryptophan.  This  is  due 
to  the  fact  that  acid  destroys  the  tryptophan,  converting  it  into 
dark-colored  humin.  The  protein  must  be  hydrolyzed  in  some 
other  manner,  as  by  means  of  digestive  enzymes.  Tryptophan 
is  one  of  the  essential  amino  acids  in  the  diet.  White  bread  con¬ 
tains  very  little  and  other  foods  must  be  added  to  make  up  a 
complete  diet. 

H 

N 


\/  CH. — CH(NH2) — COOH 

Tryptophan 

Eopkins-Cole  Test.— If  a  solution  of  glyoxylic  acid  (prepared 
by  reducing  oxalic  acid  with  magnesium  or  sodium  amalgam) 
is  added  to  a  protein  solution,  and  concentrated  sulphuric  acid 
added  so  as  to  form  a  layer  at  the  bottom  of  the  test  tube,  a 
violet  ring  will  form  at  the  juncture  of  the  two  liquids.  This 
test  is  due  to  the  tryptophan  in  the  protein  molecule,  and  only 
those  proteins  containing  this  amino  acid  will  respond  to  the 
test.  Nitrates,  nitrites,  chlorides,  chlorates  and  some  other  sub¬ 
stances  interfere  with  this  test. 

Histidine,  ^-imidazole-a-ami no-propionic  acid, 
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was  discovered  by  Hedin  in  1896.  It  contains  6  carbon  atoms 
and  is  basic,  having  more  than  1  nitrogen  atom,  and  hence 
Kossel  called  it  a  hexone  base.  It  is  essential  in  the  diet. 

Proline  is  a-pyrrolidine  carboxylic  acid, 

H 

N 

/  \ 

h2c  chcooh, 

I  I 

h2c  —  ch2 

and  was  discovered  in  proteins  by  E.  Fischer  in  1901. 

Hydroxyproline  is  supposed  to  be  y-hydroxy-a-pyrrolidine- 
carboxylic  acid.  The  position  of  the  OH  is  uncertain,  how¬ 
ever.  It  has  been  supposed  that  hydroxyproline  may  be  syn¬ 
thesized  from  glutamic  acid,  in  fact  a-pyrrolidine  carboxylic 
acid  has  been  so  produced.  All  other  amino  acids  from  pro¬ 
teins  except  these  two  are  a-amino  acids.  If  proline  and  hy¬ 
droxyproline  may  be  formed  from  glutamic  acid  they  are 
thereby  related  to  the  a-amino  acids. 

Other  Basic  Amino  Acids 

Lysine  or  a-e-di-aminocaproic  acid,  H2NCH2CH2CH2CH2.  CH- 
(NH2)COOH,  was  discovered  by  Drechsel  in  1889  and  is  one 
of  the  essential  amino  acids  in  the  diet.  It  has  6  carbon  atoms 
and  is  basic,  and  is  one  of  Kossel’s  hexone  bases. 

Arginine  is  8-guanidine-a-amino-valeric  acid  (guanidine  is 
H2NC(NH)NH2,  and  is  related  to  urea)  and  its  name  is  de¬ 
rived  from  guano,  the  accumulated  excreta  of  birds  from  Chili. 
Arginine,  H2NC(NH)NH-(CH2)3CHNH2COOH,  was  discov¬ 
ered  in  proteins  by  Hedin  in  1895  and  is  a  hexone  base.  The 
hexone  bases  and  part  of  the  cystine  are  piecipitated  b\  phos 
photungstic  acid.  Rose  considers  arginine  essential. 

Citrulline  is  8-carbamido-a-amino-valeric  acid,  H2NCONHC- 
H2CH2CH2CH(NH2)COOH.  It  was  discovered  by  Wada  in 
1930  and  in  1933  shown  to  be  one  of  the  hydrolytic  products 

of  casein. 

Structure  of  the  Protein  Molecule.— Kossel  advanced  the 
theory  that  the  amino  acids  were  connected  by  the  peptide 
linkage,  -CONH-,  and  E.  Fischer  synthesized  rather  large  mole- 
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cules  from  amino  acids  by  linking  them  in  this  manner;  thus 
two  amino  acids  are  linked  to  form  a  dipeptide  and  more  than 
two  to  form  a  polypeptide.  It  has  been  shown  that  protamines 
and  histons  are  polypeptides  and  also  that  there  are  peptide 
linkages  in  all  proteins,  as  indicated  by  the  biuret  test. 


Biuret  Test. — If  concentrated  sodium  hydroxide  is  added  to 
a  protein  solution,  and  then  a  few  drops  of  very  dilute  copper 
sulphate  solution,  a  violet  color  appears  either  at  room  tem¬ 
perature  or  on  slight  warming.  This  test  is  named  from  the 
fact  that  it  is  given  by  a  substance,  biuret,  which  is  made  from 
two  molecules  of  urea  with  loss  of  NH3. 
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This  substance  does  not  occur  as  a  constituent  of  the  protein 
molecule.  The  test  depends  on  the  presence  of  two  acid  amide 
groups  — CO  — NH2  united  either  directly  or  by  a  carbon  or 
nitrogen  atom.  One  of  the  amino  groups  may  be  substituted 
as  CO — NIIR  but  not  both  of  them.  If  the  amide  groups 
are  split  off  by  the  action  of  strong  acids,  the  proteins  will 
no  longer  give  a  biuret  reaction.  Ammonium  salts,  such  as  am¬ 
monium  sulphate,  interfere  with  the  test,  and  should  be  decom¬ 
posed  by  boiling  the  mixture  with  strong  alkali  before  making 
the  test.  Some  of  the  proteins,  e.g.,  the  histons,  and  some  of 
the  products  of  protein  hydrolysis,  give  a  reddish  color. 

The  most  complex  polypeptide  yet  synthesized  was  prepared 
by  Abderhalden.  He  prepared  a  substance  having  nineteen 
amino  acids  in  the  chain,  thus  an  nonadecapeptide.  This  com¬ 
pound  had  a  molecular  weight  of  1213,  and  from  its  properties 
was  still  much  simpler  than  most  proteins.  The  synthesis  of 
such  compounds  is  extremely  laborious  and  expensive,  so  that 
no  attempt  has  been  made  to  carry  the  process  further.  One  of 
the  factors  tending  to  increase  the  labor  of  synthesis  is  the  fact 
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that  the  amino  acids  used  are  optically  active.  As  ordinarily 
obtained,  they  consist  of  equal  portions  of  the  dextro-  and  levo- 
rotatory  forms,  and  must  be  separated  into  the  two  varieties. 
The  method  most  used  to  accomplish  this  consists  in  preparing 
the  salts  of  the  two  forms  with  some  optically  active  base,  such 
as  brucine  or  cinchonine.  The  brucine  compounds  of  the  d- 
and  1-forms  may  be  separated  since  they  usually  vary  con¬ 
siderably  in  solubility,  and  on  concentration  one  or  the  other 
will  crystallize  out  first.  A  second  method  consists  in  allow¬ 
ing  various  microorganisms  to  act  on  the  mixture  of  the  two 
optical  isomers.  Usually  one  form  will  be  destroyed  by  the 
microorganism,  the  other  to  a  much  smaller  degree,  or  not 
at  all. 

The  optically  active  acids  then  may  be  built  up  into  peptides 
at  will.  Three  of  the  methods  in  use  to  effect  this  synthesis  are : 

1.  Ester  method. — 

Glycine  ethyl  ester  is  converted  into  a  ring  compound, 
diketopiperazine 

C2H50  0  C  CH2NH2  ] 

-f  2C2H,OH  + 

h2n  ch2cooc2h5  I 

CH2  —  NH 

/  \ 

CO  CO 

\  / 

NH  —  CH2 

Under  the  action  of  alkali  this  ring  compound  is  split  open, 
forming  a  dipeptide,  glycyl-glycine 

NH2CH2CO  NH  CII2COOH 

Of  course  the  amino  acids  used  may  be  varied,  and  thus  differ¬ 
ent  dipeptides  obtained.  The  method  serves  only  to  build  up 
dipeptides,  however,  and  if  two  different  amino  acids  are  used, 
it  has  certain  other  disadvantages. 

2.  Synthesis  by  means  of  acid  chlorides 

If  glycine  is  treated  with  chloracetyl  chloride,  the  following 

reaction  takes  place : 

C1CH2C0  Cl  +  NH.CH.COOH  HCJ  + 

Cl  CH2CO  —  NH.  CH.COOH 
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By  the  action  of  ammonia,  the  chlorine  atom  may  be  replaced 
by  NH2,  and  a  dipeptide  results. 

NH2CH2CO  —  NIL  CH2COOH 


This  may  be  treated  with  chloracetyl  chloride  again,  and  in  a 
manner  perfectly  analogous  to  the  first  reaction,  a  tripeptide 
or  higher  peptide  built  up.  Here  again  various  amino  acids,  and 
various  halogen  derivatives  may  be  used.  The  limitation  of  this 
method  lies  in  the  fact  that  the  chain  can  be  extended  only  at 
one  end. 

3.  By  treating  an  amino  acid  or  a  peptide  with  phosphorus 
pentacldoride,  the  carboxyl  group  is  converted  into  an  acid 
chloride  group  which  then  may  be  caused  to  interact  with  the 
amino  group  of  an  amino  acid  or  a  peptide  in  a  manner  analo¬ 
gous  to  that  described  in  the  second  method  of  synthesis.  Thus 
glycine  will  be  converted  into  NH2CH2COCl  which  may  be  com¬ 
bined  with  a  second  glycine  molecule  or  other  amino  acid  to 
form  a  dipeptide,  as  in  2. 

The  compounds  prepared  in  these  ways  show  many  of  the 
reactions  characteristic  of  the  products  of  partial  hydrolysis  of 
proteins,  thus  some  give  the  biuret  reaction,  those  containing 
tyrosine  give  the  Millon  test,  those  containing  tryptophan  give 


the  Hopkins-Cole  test,  and  certain  of  the  more  complex  of  them 
are  precipitated  by  some  of  the  protein  precipitants.  Many  of 
them  are  split  by  enzymes  found  in  the  body  which  are 
known  to  split  protein  decomposition  products.  These  synthetic 
products  thus  are  identical  with  those  obtained  in  protein  hy¬ 
drolysis,  a  fact  which  is  one  of  the  strongest  pieces  of  evidence 
that  the  proteins  are  constructed  on  the  general  plan  of  the 
polypeptides.  Other  evidence  for  this  form  of  linkage  in  the 
protein  is  given  by  various  facts.  The  proteins  react  only  to  a 
'ery  united  extent  with  reagents  which  interact  with  free  NH 
groups  The  formaldehyde  reaction  described  above  shows 
re  atively  few  free  amino  groups,  as  does  also  the  Van  Slyke 
method  described  above.  In  alkaline  hydrolysis  the  amino 
ac  ds  boeome  racemic  for  the  most  part.  Only  those  whose 

Unk  no  wn iTf  3re  C0“bined>  as  in  «>e  case  in  the  imid 

re  S1l1b  “r  raCem‘C  °n  Wl01^  A11  these  results 

assume  t„  f  amin°  aC'dS  “aking  «P  the  proteins  are 

assumed  to  be  united  by  the  “peptide  linkage.” 
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The  behavior  of  polypeptides  with  enzymes  is  especially  in¬ 
teresting,  and  demonstrates  the  extremely  specific  character  of 
enzyme  action.  For  example,  it  has  been  shown  that  the  di¬ 
peptide  d-alanyl-d-alanine  is  split  by  pancreatic  juice,  but  not 
d-alanyl-l-alanine.  In  general,  those  peptides  made  up  of  the 
optical  form  of  the  amino  acids  which  is  found  in  nature  will 
be  split  by  enzymes.  Peptides  made  from  the  optical  isomers 
which  do  not  occur  in  nature  are  not  split,  or  are  split  less 
readily  by  enzymes.  No  polypeptides  are  digested  by  pepsin. 

From  a  study  of  the  polypeptides  it  has  been  learned  that  the 
ease  with  which  a  given  polypeptide  may  be  precipitated  from 
solution  depends  not  only  on  the  size  of  the  molecule,  but  also 
upon  the  particular  amino  acids  present  in  it.  Thus  a  poly¬ 
peptide  containing  tyrosine,  tryptophan  or  cystine  will  pre¬ 
cipitate  at  a  much  lower  concentration  of  a  given  precipitating 
reagent  than  a  second  polypeptide  of  equal  molecular  weight, 
containing  none  of  these  acids.  Many  polypeptides,  both  those 
prepared  synthetically  and  those  obtained  from  protein  hydrol¬ 
ysis,  will  give  characteristic  protein  reactions,  though  no  poly¬ 
peptide  has  been  prepared  which  closely  approaches  the  average 
protein  in  the  complexity  and  size  of  its  molecule. 

On  hydrolizing  a  protein,  that  is,  breaking  it  down  into  sim¬ 
pler  products,  the  process  evidently  is  not  a  symmetrical  divi¬ 
sion  and  redivision  of  the  molecule.  In  tryptic  digestion  tyro¬ 
sine,  tryptophan  and  cystine  are  split  off  much  quicker  than 
alanine,  leucine  and  valine,  whereas  glycine,  proline  and 
phenylalanine  are  not  split  off  even  after  prolonged  digestion. 
We  must  assume,  therefore,  that  certain  groups  or  “building 
stones,”  are  split  off  from  the  great  protein  molecule,  which  is 
thus  reduced  through  various  stages  to  proteoses,  peptones  and 
in  complete  hydrolysis  to  the  amino  acids. 

The  fact  that  polypeptides  are  not  digested  by  pepsin  has 
been  used  to  support  the  theory  that  a  protein  molecule  is 
more  complicated  than  a  polypeptide.  Sorensen  supposes  that 
the  protein  is  made  up  of  groups  of  polypeptides,  and  Sved- 
berg’s  results,  showing  that  the  molecular  weight  of  a  protein 
is  a  multiple  of  34,500,  indicate  that  the  unit  of  structure  has 
this  molecular  weight.  Kossel  showed  that  the  protamines, 
which  are  the  simplest  proteins,  are  built  up  mainly  of  ar- 
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ginine,  and  he  believes  that  arginine  is  a  nucleus  of  the  pro¬ 
tein  molecule.  Larmour  showed  that  there  was  a  close  corre¬ 
lation  between  the  arginine  content  and  the  content  of  total 
basic  amino  acids  in  all  proteins. 

Abderhalden  noticed  that  diketopiperazine  rings,  which  are 
composed  of  two  amino  acids  with  two  peptide  linkages  be¬ 
tween  them,  are  present  in  the  hydrolytic  products  of  a  large 
number  of  proteins.  Waldschmidt-Leitz  points  out  that  no 
diketopiperazine  rings  are  digested  by  any  known  digestive 
enzyme  and  therefore  claims  that  they  cannot  exist  in  the  pro¬ 
tein  molecule  but  must  be  formed  during  the  hydrolysis.  It 
has  already  been  mentioned  that  polypeptides  are  not  split  by 
pepsin,  but  there  are  some  scleroproteins,  such  as  silk,  hair, 
and  all  other  epidermal  tissue,  that  are  not  attacked  by 
any  of  the  ordinary  digestive  enzymes.  Furthermore,  when 
hydrolyzed  by  acid  they  yield  a  larger  percentage  of  diketo¬ 
piperazine  rings  than  do  other  proteins.  It  was  shown  by 
Stenstrom  that  of  ordinary  proteins  the  ring  structures  of 
tyrosine,  phenylalanine  and  tryptophan,  for  instance,  explain 
the  absorption  of  ultraviolet  light  by  the  protein,  the  total 
absorption  spectrum  being  the  sum  of  these  amino  acids.  Some 
scleroproteins  absorb  ultraviolet  light  more  vigorously  than 
other  proteins.  In  skin,  for  instance,  they  protect  us  from  sun¬ 
burn,  and  when  we  are  immune  to  sunburn  it  is  found  that  this 
protein  layer  or  cuticle  is  thicker.  Brill,  from  x-ray  spectographs 
of  silk,  claims  that  four  molecules  of  glycyl-glycine  are  combined 
in  a  ring  form.  Bergmann  supposes  that  diketopiperazine  rings 
are  held  together  by  forces  of  latent  valency.  It  is  generally 
known  that  on  dry  distillation  proteins  yield  pyrrol,  although  the 
neaiest  structure  among  the  amino  acids  is  pyrrolidine  in  proline. 
Troensegaard  postulates  that  pyrrol  rings  condense  together 
to  form  the  bases  of  the  structure  of  the  protein  molecule. 

More  complicated  hypotheses  have  been  advanced  to  ex- 
P  am  for  instance,  the  fact  that  collagen  is  split  by  pepsin 
plus  hydrochloric  acid  but  is  resistant  to  trypsin.  At  present 
there  is  no  generally  accepted  hypothesis  which  explains  the 
action  of  pepsin  on  any  protein.  The  main  fact  is  that  pepsin 
does  not  digest  polypeptides.  Therefore,  at  the  end  of  peptic 

there  iS  of  polypeptides,  k„„C 
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The  polypeptide  chain  is  extended  in  the  ^-keratin  type  of 
proteins,  folded  in  the  a-keratin  type  and  rolled  into  a  basket 
arrangement  in  some  proteins. 

Precipitation  Reactions. — Proteins  may  be  precipitated  by  a 
variety  of  reagents.  The  behavior  of  protein  solutions  with 
precipitation  reagents,  and  in  fact  many  other  properties  of 
protein  solutions  indicate  that  the  proteins  do  not  form  true 
solutions  such  as  that  of  sodium  chloride  in  water.  They  form 
colloidal  solutions. 

Heat. — Many  proteins  are  precipitated  by  heat.  A  slightly 
acid  reaction,  and  the  presence  of  salts  is  desirable  if  precipi¬ 
tation  is  to  be  complete.  Alkaline  solutions  of  proteins  do  not 
precipitate  on  boiling.  Neutral  solutions,  especially  if  salts 
have  been  removed  by  dialysis,  will  precipitate  only  imperfect¬ 
ly.  Solutions  of  some  proteins,  i.e.,  casein,  gelatin  and  sec¬ 
ondary  derived  proteins,  such  as  proteoses  and  peptones,  do  not 
precipitate  on  boiling.  In  general  for  each  protein  there  is  a 
specific  precipitation  temperature,  but  experimental  conditions, 
such  as  the  amount  of  salts  present,  the  rapidity  of  heating  and 
other  factors,  cause  rather  wide  variations  in  the  precipitation 
temperature.  Other  conditions  being  equal,  for  each  protein 
there  is  an  optimum  pH,  at  which  precipitation  by  heat  is  most 
effective.  A  protein  precipitated  by  boiling  in  weak  acid  solu¬ 
tion  cannot  readily  be  redissolved.  Some  as  yet  unknown 
change  has  taken  place  in  the  protein  molecule,  and  the  sub¬ 
stance  is  said  to  be  denatured.  Proteins  may  be  denatured 
also  by  other  means.  Denaturation  seems  to  be  the  unfolding 
of  the  chain  of  amino  acids. 

Mineral  Acids. — Proteins  are  precipitated  by  the  addition 
of  small  amounts  of  the  strong  mineral  acids,  hydrochloric, 
sulphuric  and  nitric.  The  precipitate  dissolves  in  excess  of  the 
acid,  particularly  if  the  solution  is  heated.  Glacial  acetic  acid 
does  not  precipitate  proteins.  There  has  been  much  discussion 
of  the  nature  of  this  precipitation.  Probably  the  proteins  are 
thrown  down  in  the  form  of  salts.  Precipitation  with  concen¬ 
trated  nitric  acid  is  often  used  as  a  test  for  proteins.  To  the 
solution  to  be  tested,  concentrated  nitric  acid  is  added  carefully 
so  that  it  will  form  a  layer  at  the  bottom  of  the  test  tube.  In 
the  presence  of  protein  a  cloudy  ring  appears  at  the  juncture  of 

the  two  liquids. 
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Salts. — Proteins  are  precipitated  by  salts.  The  salts  of 
heavy  metals,  such  as  copper,  iron,  mercury  and  lead,  will 
throw  down  the  proteins  from  their  solutions.  The  precipi¬ 
tates  formed  are  in  many  cases  true  salts  of  the  protein  and 
the  metal.  Where  this  is  the  case,  the  precipitation  takes  place 
best  usually  in  a  weakly  alkaline  solution,  for  in  this  condition 
the  proteins  are  negatively  charged,  and  will  combine  with  the 
positive  metal  ions.  Some  proteins,  such  as  protamins  and  his- 
tons,  which  have  large  amounts  of  diamino  acids,  form  alkaline 
solutions  and  the  protein  carries  positive  charges.  More  alkali 
must  be  added  to  give  these  proteins  negative  charges  than  in 
the  case  of  albumins.  Casein,  which  contains  much  dicarboxylic 
acid  (glutamic),  carries  negative  charges  (since  it  gives  off 
hydrogen  ions  to  the  water).  Casein  may  thus  be  precipitated 
by  metals  even  in  slightly  acid  solution. 

The  conditions  governing  precipitation  of  proteins  by  metals 
are  somewhat  complicated  by  the  fact  that  some  metals,  such 
as  mercury,  gold,  copper,  and  others  (these  metals  have  a  lower 
solution  tension  than  hydrogen),  combine  with  the  amino  group 
also,  so  that  salts  of  these  metals  will  precipitate  proteins  in 
weakly  acid  as  well  as  in  weakly  alkaline  solution. 

Three  salts  much  used  to  precipitate'  proteins  are  ammonium 
sulphate,  magnesium  sulphate  and  sodium  chloride.  High  and 
^r}  ing  concentrations  of  these  salts  are  necessary  to  throw 
down  the  different  proteins.  By  the  use  of  suitable  amounts 
of  these  salts  some  of  the  protein  groups  may  be  separated  from 
others.  The  process  is  known  as  ‘‘salting  out,”  The  proteins 

are  not  denatured,  and  may  be  redissolved  on  removal  of  the 
salt. 


Alkaloidal  Reagents.— Many  compounds  known  as  alkaloidal 
reagents  will  precipitate  proteins  as  well  as  alkaloids.  Among 
these  are  several  acids,  such  as  tannic,  picric,  phosphotungstie 
phosphomolybdic,  ferrocyanic,  chromic,  and  dichromic.  The 
precipitates  undoubtedly  are  compounds  of  protein  with  the 
negative  ion  of  the  precipitating  reagent.  The  tests  are  thus 
carried  out  to  best  advantage  in  weakly  acid  solution. 

te rest”  “  a  Pr°tein  preciPitant  is  «f  particular  in- 

erest,  since  it  is  used  to  precipitate  the  proteins  of  the  blood  in 

ie  prepara  , on  of  the  protein-free  blood  filtrate  used  in  the 
Folin  and  Wu  system  of  blood  analysis.  Sodium  tungstate  j 
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added  to  the  diluted  blood,  and  then  sulphuric  acid.  Tungstic 
acid  is  set  free,  and  precipitates  the  blood  proteins  completely, 
so  that  the  filtrate  is  water-clear  and  free  from  all  protein. 

Alcohol. — Alcohol  in  sufficient  concentration  will  precipi¬ 
tate  many  of  the  proteins.  Some  few,  however,  are  soluble  in 
alcohol.  If  the  precipitate  is  allowed  to  stand  in  the  alco¬ 
hol,  it  will  become  denatured,  and  cannot  be  redissolved  on  re¬ 
moval  of  the  alcohol. 

Putrefaction  of  Proteins. — When  proteins  are  broken  down 
by  the  action  of  bacteria  in  the  intestines,  products  are  formed 
some  of  which  are  very  injurious  to  the  organism.  The  amino 
acids  produced  by  the  hydrolysis  of  the  proteins  are  attacked 
and  partially  broken  down  in  a  variety  of  ways.  From  trypto¬ 
phan  by  the  removal  of  its  side  chain,  skatole  and  indole  are 
produced. 
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The  nitrogen  and  six  of  the  carbon  atoms  of  the  indole  ling 
are  numbered  as  in  the  accompanying  formula. 

From  amino  acids,  by  removal  of  C02  from  the  carboxyl  group 
various  amines  are  produced,  e.g.,  from  tyrosine,  tyramine 

— CH0 — CILNHo 

-  /\ 


\//  +  C02 

OH 

Tyramine 


H 

N 

/  \ 

I  II 

J _ N 

I 

CH0 

I 

CH, 

nh, 

is  produced  in  a  similar  way.  Such  compounds  are  known  bj 
the  name  of  “ptomaines,”  and  they  are  toxic  when  injected 
intravenously,  but  considerable  quantities  may  be  taken  by 
mouth  with  impunity.  Cystine  and  cysteine  give  rise  to  hy¬ 
drogen  sulphide  and  other  sulphur  compounds.  Undoubtedly 
certain  compounds  of  this  type  are  produced  normally  by  the 
enzymes  of  the  tissue  cells  themselves,  and  it  is  probable  that 
some  of  them  are  of  importance  for  the  regulation  of  certain 
body  processes.  Adrenaline  is  such  a  substance. 


CH2CH  COOH 
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From  histidine,  histamine 


— CHOH — CH, — NH — CIL 
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Adrenaline 


Adrenaline  is  a  hormone  derived  from 
alanine. 


tyrosine  or  phenyl- 


130 


PHYSIOLOGICAL  CHEMISTRY 


Individual  Groups;  Simple  Proteins 

The  important  characteristics  of  the  proteins  as  a  class  have 
been  considered.  Let  us  now  review  the  properties  of  groups 
and  of  individual  proteins. 

Albumins. — The  albumins  are  found  widely  distributed  in 
nature.  Serum  albumin  in  the  blood,  ovalbumin  in  egg-white, 
lactalbumin  in  milk  and  myogen  in  muscle  are  the  best  known 
members  of  this  group.  Compounds  resembling  the  albumins 
have  been  found  in  plants,  although  they  differ  in  some  of  their 
properties  from  the  animal  albumins.  Albumins  contain  no 
glycine,  and  relatively  much  sulphur  (about  1.6-2.2%).  They 
are  soluble  in  water  and  in  dilute  salt  solutions,  and  are  precipi¬ 
tated  by  strong  mineral  acids,  by  saturation  with  ammonium  sul¬ 
phate  in  neutral  solution  and  by  many  other  precipitants.  They 
are  not  precipitated  by  saturating  a  neutral  solution  with  magne¬ 
sium  sulphate  or  sodium  chloride,  but  if  such  a  solution  is  acidi¬ 
fied,  the  albumins  precipitate.  Albumins  in  solution  coagulate 
on  boiling  if  salts  are  present  and  if  the  solution  is  faintly  acid. 
Toxalbumins  occur  in  snake  poisons  and  in  castor  beans.  Pep¬ 
sin  is  probably  an  albumin. 

Globulins— Globulins  also  are  widely  distributed  in  nature, 
both  in  animals  and  in  plants.  They  are  often  associated  with 
albumins.  Important  members  of  the  group  are  serum  globu¬ 
lin,  fibrinogen  and  its  derivative  fibrin  of  the  blood,  and  myosin 
of  the  muscles,  ovoglobulin  in  eggs,  lactoglobulin  in  milk,  neuro¬ 
globulin  in  nerve  tissue,  and  several  plant  globulins,  such  as 
edestin  from  hemp  seed,  legumin  from  peas  and  lentils  and 
various  others  from  nuts  or  other  materials. 

The  globulins  are  heat-coagulable,  insoluble  in  pure  water,  and 
they  may  be  precipitated  by  pouring  a  solution  of  a  globulin  into 
a  large  volume  of  pure  water,  or  by  dialyzing  out  the  salts 
against  distilled  water  through  a  parchment  membrane.  Globu¬ 
lins  also  differ  from  albumins  in  containing  glycine,  in  the 
greater  asymmetry  of  the  molecule,  and  in  the  greatei 
ease  with  which  they  precipitate  on  the  addition  of  a  neutral 
salt.  Thus  they  are  precipitated  by  half  saturation  with  am¬ 
monium  sulphate  or  by  saturation  with  magnesium  sulphate  or 
sodium  chloride  in  neutral  solution.  Ovoglobulin  is  11%  glu¬ 
cosamine.  Serum  globulin  is  resistant  to  pepsin  and  trypsin 
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and  has  been  called  antitrypsin.  Thyroglobulin  (a  pseudo¬ 
globulin,  soluble  in  water)  contains  di-iodotyrosine  and  thyrox¬ 
ine.  The  enzymes  urease,  trypsin,  chymotfypsin,  amylopsin,  and 
steapsin  are  globulins. 

Fibrinogen  has  the  property  of  clotting  or  coagulating,  and  is 
responsible  for  the  clotting  of  the  blood  although  formed  in 
the  liver.  If  freshly  drawn  blood  is  stirred  or  beaten,  the 
fibrinogen  clots  in  stringy  masses  called  fibrin.  If  washed 
free  from  corpuscles,  fibrin  is  a  white,  tough,  elastic  material 
which  gives  the  usual  protein  tests  (see  Blood,  Chapter  XIII). 
Myogen  and  myosin  are  the  chief  proteins  of  muscle  tissue. 

Glutelins. — The  glutelins  are  proteins  found  only  in  the 
seeds  of  plants.  The  important  members  of  the  group  are  glu- 
tenin  from  wheat,  oryzanin  from  rice,  and  avenin  from  oats. 
Corn  contains  very  little.  They  are  characterized  by  being  in¬ 
soluble  in  pure  water,  salt  solutions,  or  alcohol.  They  dissolve 
in  dilute  acid  or  alkali. 


Prolamins. — The  prolamins  are  proteins  found  only  in  the 
grains.  They  have  been  obtained  from  all  grains  except  rice. 
The  best  known  members  are  gliadin  from  wheat  (which  has 
a  very  asymmetrical  molecule),  zein  from  corn,  and  hordein 
from  barley.  The  group  was  named  because  of  their  high  con¬ 
tent  of  proline.  The  prolamins  are  characterized  by  being 
soluble  in  70-80%  alcohol.  They  are  insoluble  in  water.  They 
contain  only  small  amounts  of  the  amino  acids,  arginine  and 
histidine,  and  no  lysine. 

Albuminoids.— Albuminoids  are  proteins  obtained  from  a 
wide  variety  of  sources  in  the  animal  world.  Important  mem¬ 
bers  of  the  group  are  keratin  from  horn,  nails,  hair  and  hoofs ; 
collagen  from  connective  tissue  and  bone,  its  derivative  gelatin, 
which,  however,  does  not  properly  belong  in  this  class,  and  elas- 
tm,  from  ligaments  and  connective  tissue.  There  also  are  various 
other  albuminoids.  The  members  of  the  group  are  classed  to¬ 
gether  for  convenience,  since  they  are  insoluble  in  water  and 
most  protein  solvents,  are  resistant  to  enzymes,  and  are  con¬ 
stituents  of  protective  or  supporting  portions  of  the  body 

iS7h<“  'ff  constitu™t  hair,  horn,  nails,  feathers 
and  the  epidermal  layer  of  the  skin  and  protects  underlying 
tissues  by  absorbing  ultraviolet  rays.  A  keratin  has  been  ob- 
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tained  from  the  brain  and  nerve  tissue.  There  probably  are 
several  keratins.  The  keratins  contain  much  sulphur  (1-5%). 
They  give  the  characteristic  protein  color  tests.  The  polypeptide 
chain  is  folded  in  a-keratin  and  extended  in  ^-keratin. 

Collagen  is  the  chief  constituent  of  the  connective  tissue  and 
the  chief  organic  constituent  of  bone.  It  occurs  also  in  cartilage. 
There  probably  are  several  collagens.  Collagen,  if  boiled  with 
water  or  dilute  acid,  is  converted  into  gelatin.  Collagen  is  in¬ 
soluble  in  water,  dilute  salt  solutions,  dilute  acids  and  alkalies. 

Gelatin,  obtained  by  boiling  collagen,  swells  up  in  cold  water, 
but  dissolves  in  hot.  If  sufficiently  concentrated,  such  a  solution 
will  set,  on  cooling,  to  a  jelly.  Gelatin  is  not  coagulated  by 
boiling,  nor  will  it  precipitate  on  the  addition  of  strong  mineral 
acids  or  metallic  salts.  It  may  be  precipitated  by  a  variety  of 
reagents,  however,  such  as  alcohol  and  tannic  acid.  Gelatin 
gives  the  biuret  reaction,  but  it  contains  neither  tyrosine  nor 
tryptophan,  and  thus  if  pure  will  not  give  the  Millon  or 
Hopkins-Cole  tests.  Gelatin  contains  much  glycine.  After 
prolonged  boiling,  a  gelatin  solution  will  no  longer  gel  on  cooling. 

Elastin. — Elastin  occurs  in  connective  tissue,  and  in  largest 
amount  in  the  cervical  ligament.  Fresh  elastin  forms  yellow¬ 
ish  shreds  or  strings  which  are  elastic  in  character.  It  is  in¬ 
soluble  in  water  and  in  most  of  the  protein  solvents.  Elastin 
contains  large  amounts  of  glycine  and  leucine.  It  does  not 
give  the  Hopkins-Cole  test  for  tryptophan. 

Histons.— The  histons  are  found  chiefly  in  nucleoproteins 
and  studied  most  in  the  spermatozoa  of  fish,  but  the  globin 
portion  of  the  hemoglobin  of  the  blood  is  usually  classed  in 
this  group.  Their  chief  characteristic  is  a  high  percentage  of 
diamino  acids.  In  this  respect  they  stand  midway  between  the 
protamins  and  the  remaining  simple  proteins.  They  are  basic 
in  nature  and  precipitated  by  dilute  ammonia.  The  group  is 
not  sharply  defined. 

Protamines.— The  protamines  are  the  most  basic  of  the  pro¬ 
teins.  They  occur  in  nucleoproteins  and  are  best  known  in  the 
ripe  spermatozoa  of  fish.  They  are  named  from  their  origin, 
as  salmin,  from  the  salmon  and  sturin  from  the  sturgeon.  They 
are  characterized  by  their  high  percentage  of  diamino  acids, 
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particularly  arginine.  Salmin  contains  87%  of  arginine.  As  a 
result,  solutions  of  protamines  in  water  are  alkaline  in  reaction. 
Protamines  are  not  precipitated  by  ammonia.  Ihey  give  the 
biuret  test,  but  most  of  them  do  not  give  the  other  color  tests 
for  amino  acids.  They  are  precipitated  fairly  well  by  neutral 
salts  and  are  not  coagulated  by  boiling. 


Conjugated  Proteins 

The  member’s  of  this  group  are  made  up  of  simple  protein 
combined  with  some  other  nonprotein  substance,  which  is  called 
the  prosthetic  group.  Among  the  conjugated  proteins  are  sub¬ 
stances  of  great  biological  importance. 

Glucoproteins. — The  glucoproteins  are  compounds  which  on 
breaking  down  yield  a  protein  and  a  relatively  high  percentage 
of  a  carbohydrate  or  carbohydrate  derivative.  Other  proteins 
may  yield  carbohydrates  on  hydrolysis,  but  in  smaller  amounts 
than  the  glucoproteins.  The  group  is  divided  into  two  divisions, 
mucins  and  mucoids.  They  are  very  difficult  to  purify,  espe¬ 
cially  the  mucins,  since  they  are  slimy  in  character,  and  as  a 
result  there  is  much  disagreement  as  to  their  composition  and 
properties.  Mucin  is  secreted  by  the  salivary  glands,  by  certain 
mucous  membranes  and  elsewhere.  The  skin  of  some  of  the 
lower  animals  secretes  large  quantities  of  mucin.  The  mucins  are 
distinguished  from  the  mucoids  by  their  slimy  character  and  by 
the  fact  that  on  precipitation  with  acetic  acid,  they  do  not  re¬ 
dissolve  in  excess  of  acid.  The  mucoids  are  found  in  tendons,  in 
cartilage,  in  the  cornea  and  crystalline  lens,  in  egg  white  and 
various  other  places.  Some  authors  divide  this  group  again  into 
mucoids  and  chondroproteins.  The  mucoid  of  tendon  or  carti¬ 
lage  may  be  extracted  with  limewater.  On  acidifying  with 
acetic  acid,  the  mucoid  precipitates,  but  it  will  redissolve  in  ex¬ 
cess.  Both  the  mucins  and  the  mucoids  contain  a  relatively  large 
amount  of  sulphur,  a  part  of  which,  at  least,  is  in  the  form  of 
oxidized  suiphur.  On  hydrolysis  the  mucoids  yield  a  substance, 
chondroitic  acid  or  chondroitin  sulphuric  acid,  which  has  been 

“tT4  0f  7?h  f  udy-  mucins  yield  mucoitin  sulphuric 

acid.  The  carbohydrate  groups  in  the  glucoproteins  are  usu- 

y  glucosamine  or  galactosamine,  and  glucuronic  acid  com- 
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bined  to  form  a  polysaccharide.  Jorpes  found  three  sulphuric 
acid  molecules  in  chondroitin  sulphuric  acid  heparin.  Chon- 
droitin  in  the  diet  is  said  to  be  necessary  for  chicks  to  prevent 
erosion  of  the  gizzard. 

Phosphoproteins. — The  pliosphoproteins  are  compounds  of 
importance  because  they  furnish  a  large  share  of  the  protein 
nourishment  of  the  growing  young  of  animals  and  birds.  There 
are  two  important  members  of  the  group,  the  casein  of  milk  and 
the  vitellin  of  egg  yolk.  They  are  characterized  by  containing 
phosphorus  (less  than  1  per  cent)  which  is  present  in  some 
form  neither  lecithin  nor  nucleic  acid.  On  digestion,  the  phos¬ 
phoproteins  leave  a  difficultly  digestible  residue  known  as 
pseudonuclein.  The  phosphoproteins  are  acid  in  character.  In 
their  solubilities  and  precipitation  properties  they  resemble 
both  the  globulins  and  the  nucleoproteins.  They  may  be  dis¬ 
tinguished  from  the  former  by  their  phosphorus  content,  and 
from  the  latter  by  the  fact  that  they  yield  no  purine  bases  on 
hydrolysis. 

Casein  is  not  coagulated  by  boiling.  It  is  insoluble  in  water, 
but  dissolves  readily  in  dilute  alkalies.  From  such  a  solution 
and  from  milk,  casein  is  precipitated  by  the  addition  of  a 
small  amount  of  acid.  This  occurs  also  in  the  souring  of  milk. 
Bacteria  decompose  the  lactose,  forming  organic  acids.  From 
this  acid  solution  the  casein  is  precipitated,  causing  the  char¬ 
acteristic  clotting  of  sour  milk.  It  may  be  prepared  by  sepa¬ 
rating  milk,  and  adding  a  small  amount  of  acetic  acid  at  a  time 
with  rapid  stirring  until  the  pH  equals  4.7.  To  free  the 
casein  from  impurities,  it  may  be  redissolved  in  sodium  car¬ 
bonate  and  reprecipitated  with  acid.  While  still  moist  it  is 
extracted  with  alcohol  and  ether  to  free  it  from  traces  of  fat. 
Casein  contains  no  glycine,  but  little  cystine  and  relatively 
much  tryptophan.  On  hydrolysis  it  yields  also  several  acids 
which  are  not  obtained  from  other  proteins.  Cow’s  milk  con¬ 
tains  about  3-4%  casein,  human  milk  about  0. 5-1.5%. 

Paracasein. — Casein  is  clotted  by  a  ferment,  rennin,  which  oc¬ 
curs  in  digestive  juices,  particularly  the  gastric  juice.  It  may  be 
well  to  state  in  this  connection  that  the  nomenclature  of  casein 
and  its  allied  substances  is  somewhat  confused.  The  substance  as 


PROTEINS 


135 


it  occurs  in  milk  is  called  casein.  This  is  converted  by  rennin 
into  another  substance,  paracasein.  Paracasein  differs  from 
casein  at  least  in  one  respect,  the  insolubility  of  its  calcium  salt. 
The  calcium  salt  of  casein  is  soluble,  that  of  paracasein  insolu¬ 
ble.  Since  calcium  salts  are  found  normally  in  milk,  para¬ 
casein  is  precipitated  as  the  familiar  curdy  material.  If  calcium 
is  previously  removed  by  adding  an  oxalate  to  the  milk,  the  para¬ 
casein  is  formed  from  casein  by  rennin,  but  will  not  precip¬ 
itate.  Subsequent  addition  of  excess  of  a  soluble  calcium  salt 
will  cause  precipitation  even  if  the  milk  has  been  boiled  to  de¬ 
stroy  the  rennin.  In  the  transformation  of  casein  into  para¬ 
casein  a  proteinlike  substance  called  albumose,  or  “whey  pro¬ 
tein’ ’  is  split  off.  This  clotting  is  the  first  step  in  the  digestion 
of  casein  in  the  stomach,  and  serves  to  prevent  the  milk  from 
passing  on  too  quickly  into  the  intestine. 

Vitellin. — Vitellin  is  found  in  egg  yolk  and  may  be  prepared 
by  extracting  the  yolk  with  ether  to  remove  lecithin  and  choles¬ 
terol.  The  residue  is  dissolved  in  salt  solution  and  reprecipitated 
by  pouring  into  a  large  volume  of  water.  To  remove  the  last  of 
the  lecithin,  it  is  necessary  to  extract  with  boiling  alcohol  as  it 
is  chemically  combined. 

Hemoglobins. — This  group  often  is  called  the  group  of  chro¬ 
moproteins,  since  its  members  usually  are  colored  substances. 
The  most  important  of  them  is  hemoglobin  or  oxyhemoglobin , 
the  red  coloring  matter  of  the  blood.  This  compound  is  con¬ 
tained  in  the  red  corpuscles  in  higher  animals.  In  some  of  the 
lower  animals  it  is  simply  dissolved  in  the  blood  plasma.  Myo- 

hemoglobin  of  a  different  crystalline  form  occurs  also  in  red 
muscle. 


The  hemoglobin  fulfils  an  important  function  in  the  body,  that 
of  transporting  oxygen  from  the  lungs  to  the  tissues.  If  hemo¬ 
globin  is  exposed  to  a  plentiful  supply  of  oxygen,  as  is  the  case 
v  hen  the  red  corpuscles  are  passing  through  the  capillaries  sur¬ 
rounding  the  tiny  air  spaces,  the  alveoli  in  the  lungs,  it  takes  up 
oxygen  and  is  converted  into  oxyhemoglobin.  When  the  corpus¬ 
cles  containing  this  oxyhemoglobin  reach  the  tissues,  again  they 
pass  through  a  fine  network  of  capillaries.  Here,  however,  the 
oxygen  supply  ]s  very  low,  as  oxygen  is  rapidly  used  up  by  the 
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cells  in  oxidation  processes.  The  oxyhemoglobin  gives  up  its  oxy¬ 
gen,  becoming  hemoglobin  again,  and  the  oxygen  passes  out 
through  the  capillary  walls  to  the  region  of  low  oxygen  supply. 
Returning  to  the  lungs,  the  hemoglobin  takes  up  a  fresh  supply 
of  oxygen,  and  again  carries  it  to  the  tissues.  This  property  of 
hemoglobin  may  be  demonstrated  easily  as  follows:  On  adding 
an  equal  volume  of  water  to  the  blood,  the  hemoglobin  diffuses 
out  of  the  corpuscles  and  the  solution  becomes  clear.  The  blood 
is  said  to  be  “laked.”  If  the  mouth  of  the  test  tube  is  closed 
with  the  thumb  or  a  stopper  and  the  liquid  shaken  well,  the 
color  of  the  solution  becomes  a  brilliant  red.  It  now  contains 
oxyhemoglobin,  the  color  of  which  is  a  much  brighter  red  than 
that  of  hemoglobin.  This  substance  gives  arterial  blood  its  bright 
red  color.  If  a  mild  reducing  agent  is  added  to  this  oxyhemoglo¬ 
bin,  the  color  becomes  much  darker.  The  oxygen  has  been  taken 
away  from  the  oxyhemoglobin,  which  has  now  become  hemo¬ 
globin.  This  substance  gives  venous  blood  its  dark  red  color. 
This  process  may  be  repeated  indefinitely.  A  convenient  mild 
reducing  agent  is  Stokes’  fluid  which  contains  2%  ferrous  sul¬ 
phate,  3%  tartaric  acid  and  ammonia  sufficient  to  redissolve  the 
precipitate  which  first  forms  on  adding  this  reagent. 

The  amount  of  oxygen  which  can  be  carried  by  a  given  amount 
of  blood  varies  somewhat.  On  the  average  from  100  c.c.  of  fully 
oxygenated  blood  19-20  c.c.  of  oxygen  may  be  obtained  (mea¬ 
sured  at  0°  and  760  mm.  of  mercury  pressure).  A  portion  of  this 
is  simply  dissolved  in  the  blood  plasma,  but  most  of  it  is  com¬ 
bined  with  hemoglobin.  The  tissues  do  not  remove  all  of  the  oxy¬ 
gen  from  the  blood,  for  venous  blood  still  contains  considerable 
oxyhemoglobin.  From  100  c.c.  of  venous  blood  an  a\eiage  of  15 
c.c.  of  oxygen  may  be  obtained,  although  this  value  varies  con¬ 
siderably.  The  molecular  weight  of  hemoglobin  is  very  large, 
probably  about  68,000,  and  one  molecule  of  hemoglobin  is  be¬ 
lieved  to  combine  with  four  molecules  of  oxygen  (02).  Moist  air 
normally  contains  about  20%  oxygen.  This  percentage  may  be 
much  lowered,  however,  before  the  amount  of  oxyhemoglobin  in 
a  hemoglobin-oxyhemoglobin  mixture  will  be  greatly  diminished. 
If  the  per  cent  of  oxygen  is  reduced  to  13%  of  an  atmosphere, 
the  mixture  will  still  contain  93%  oxyhemoglobin  and  only 
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hemoglobin.  If  the  oxygen  tension  is  still  further  decreased, 
oxygen  is  given  off  rapidly. 

The  dissociation  of  oxyhemoglobin  is  favored  by  the  presence 
of  salts,  carbon  dioxide,  and  lactic  acid  (H  ions).  In  the  pres¬ 
ence  of  any  of  these  substances,  or  if  their  amounts  are  increased, 
oxyhemoglobin  tends  to  give  up  some  of  its  oxygen.  The  biologi¬ 
cal  importance  of  this  fact  is  evident.  In  the  tissues,  the  produc¬ 
tion  of  carbon  dioxide  or  lactic  acid  will  aid  in  causing  oxyhemo¬ 
globin  to  yield  up  its  oxygen,  which  is  then  used  in  the  various 
oxidation  processes  going  on  in  the  cell.  This  subject  is  further 
discussed  in  the  section  on  blood  in  Chapter  XIII. 

Hemoglobin  may  be  split  into  two  parts,  globin,  a  protein, 
perhaps  a  histon,  and  heme.  From  methemoglobin  hematin  is 
obtained  in  place  of  heme.  Globin  makes  up  about  95%  of  the 
hemoglobin,  heme  about  4%.  The  corpuscles  contain  about  30% 
of  hemoglobin,  an  amount  much  greater  than  could  be  dissolved 
in  an  equal  amount  of  fluid.  Hemoglobin  and  many  of  its 
derivatives  contain  iron  to  the  extent  of  about  0.3%.  This 
iron  seems  to  be  directly  connected  with  the  ability  of  hemo¬ 
globin  to  combine  with  oxygen. 

Oxyhemoglobin  may  be  crystallized  with  comparative  ease. 
Oxyhemoglobins  from  different  animals  form  crystals  of  greatly 
varying  form,  and  may  be  crystallized  with  varying  degrees  of 
ease.  Those  easiest  to  crystallize  are  oxyhemoglobin  of  the  guinea 
pig,  which  forms  tetrahedra,  of  - the  rat  (rhomboids),  of  the 
squirrel  (hexagons),  of  the  horse  and  of  the  dog.  Oxyhemoglobin 
from  man  (long  rods,  rhomboids),  ox,  and  other  animals  may  be 
obtained  in  crystalline  form,  but  with  greater  difficulty.  Crys¬ 
tals  of  the  types  which  crystallize  easily  may  be  obtained  by  a 
variety  of  methods.  That  of  Reichert  consists  in  adding  1-5%  of 
solid  ammonium  oxalate  to  blood,  either  before  or  after  taking 
or  defibrinating.  A  drop  of  this  blood  placed  on  a  slide  will 

crystallize  quickly.  On  standing  in  the  ice  chest  very  beautiful 
large  crystals  form. 


Reichert  and  Brown  have  studied  the  oxyhemoglobin  crystals 
rom  the  blood  of  a  great  many  animals  and  maintain  that  bio- 
ogical  relationships  may  be  traced  in  the  crystal  form,  since 
ox,  hemoglobins  from  animals  of  the  same  species  crystallize  in 
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similar  forms.  Hemoglobin  is  more  soluble  than  oxyhemoglo¬ 
bin,  and  is  thus  much  more  difficult  to  crystallize. 

Detection  of  Hemoglobin. — In  medical  practice,  and  also  in 
medicolegal  cases  it  is  often  of  the  greatest  importance  to 
detect  and  identify  hemoglobin  or  its  derivatives.  This  is  done 
as  follows: 

lletnin  Test. — One  of  the  best  tests  for  blood  is  the  prepara¬ 
tion  of  hemin  crystals.  Hemin  is  the  chloride  of  hematin. 
The  hemin  test  will  not  differentiate  between  the  blood  of 
man  and  other  animals.  Although  hemoglobins  from  different 
animals  differ,  it  is  the  globin  portion  which  varies,  and  the 
hematin  from  different  animals  is  undoubtedly  the  same.  The 
hemin  test  is  very  delicate.  The  suspected  stains  are  extracted 
with  water  or  weak  alkali,  the  solution  is  evaporated  to  dryness 
and  the  residue  used  for  the  test.  If  the  solution  is  very  dilute, 
the  pigment  may  be  precipitated  with  tannic  acid,  and  the  test 
made  on  the  precipitate. 

The  test  is  performed  by  evaporating  a  drop  of  blood  or  sus¬ 
pected  material  to  dryness  on  a  slide,  adding  sodium  chloride  and 
a  few  drops  of  glacial  acetic  acid.  The  mixture  is  covered  with  a 
cover  glass  and  heated  carefully  until  the  acid  boils.  On  cooling, 
brown  or  reddish  brown  rhombohedral  crystals  of  hemin  form. 
If  crystals  do  not  form  the  first  time,  the  mixture  should  be 
boiled  again  as  above.  It  may  be  necessary  to  repeat  the  process 
several  times.  As  hematin  is  very  stable,  blood  stains  which 
have  putrefied,  or  which  are  even  centuries  old  still  will  give 
the  test.  Wood  smoke  and  swamp  water  do  not  destroy  hem¬ 
atin;  it  may  be  destroyed,  however,  if  certain  molds  have 
grown  on  the  stain.  It  is  of  interest  that  the  excreta  of  blood¬ 
sucking  insects  will  give  a  positive  hemin  test. 

Absorption  Spectra 

White  light  is  made  up  of  a  great  many  different  colored 
lights  as  may  be  demonstrated  by  passing  a  beam  of  white  light 
through  a  prism  and  observing  the  spectrum  which  results  from 
spreading  out  the  different  colored  components  of  the  original 
ray.  Colored  light  may  be  either  light  of  a  single  color  or  wave 
length,  or  it  may  be  a  mixture  of  many  different  colored  lights, 
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the  sum  of  which,  however,  falls  short  of  making  a  complete 
spectrum,  or  in  which  one  color  greatly  predominates  in  in¬ 
tensity  over  the  other  colors-  present.  If  light  passes  through 

Absorption  Spectra  of  Hemoglobin  Compounds 


Carbonyl-hemoglobin 


Acid  hematin 


Alkaline  hematin 


Alkaline  methemoglobin 


Bausch  &  Lonib  2675  Spectrometer  used  in  taking  the  above  spectra. 


Fig.  18. 


water,  it  still  appears  as  white  light,  for  the  water  has  allowed 
he  ray  to  pass  through  intact.  If  a  ray  of  white  light  passes 
through  a  solution  of  hemoglobin,  the  red  pigment  of  the  blood 
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or  of  an  amyl  alcohol  solution  of  the  compound  made  by  heating 
a  pentose  with  orcin  and  hydrochloric  acid,  the  ray  no  longer 
looks  white,  because  the  solution  has  absorbed  a  portion  of 
the  colored  light,  allowing  only  the  red  and  perhaps  some 
neighboring  kinds  of  light  to  pass  through.  If  the  light  is 
analyzed  in  a  spectroscope,  a  portion  will  be  missing.  Many 
substances  in  solution  have  the  property  of  absorbing  particular 
kinds  of  light  in  this  way,  thus  leaving  a  dark  area  in  the 
spectrum  if  the  emerging  light  is  analyzed.  The  property  is 
so  constant  that  it  may  be  made  use  of  to  identify  compounds. 
The  spectra  resulting  are  called  absorption  spectra,  and  each 
absorption  spectrum  is  characteristic  of  a  particular  substance. 
The  lines  or  dark  areas  may  be  charted  with  reference  to  the 
dark  lines  always  observed  in  the  spectrum  of  sunlight.  These 
lines  are  called  the  Fraunhofer  lines. 

By  looking  through  a  solution  with  a  spectroscope  it  thus  is 
possible  to  identify  many  compounds  of  biological  importance. 

Absorption  Spectra  of  Oxyhemoglobin  and  Hemoglobin.— 
Hemoglobin  and  many  of  its  derivatives  show  characteristic  ab¬ 
sorption  spectra.  Thus  a  spectroscopic  investigation  is  often 
of  the  greatest  value  in  detecting  blood  in  feces,  urine,  gastric 
contents  or  in  stains  in  medicolegal  work.  The  nature  of  the 
absorption  bands  depends  not  only  upon  the  substance  pres¬ 
ent,  but  upon  the  concentration  of  the  solution  and  thickness 
of  the  layer  through  which  the  light  passes.  Blood  diluted 
100  times  with  water  and  observed  with  a  spectroscope  in  a 
flat  sided  cell  about  one  centimeter  in  thickness  allows  only 
a  little  red  light  to  pass  through.  If  the  solution  is  diluted 
sufficiently,  however,  it  shows  two  absorption  bands  near  to¬ 
gether  between  the  I)  and  E  Fraunhofer  lines.  On  further 
dilution  these  lines  become  fainter  and  finally  disappear.  See 
Fig.  18  and  Fig.  82  in  laboratory  work. 

If  Stokes’  reagent  is  added  to  an  oxyhemoglobin  solution,  thus 
converting  the  oxyhemoglobin  into  hemoglobin,  the  double  bands 
give  place  to  a  single  continuous  band  in  about  the  same  loca¬ 
tion.  The  center  of  the  a  band  in  human  mvohemoglobin  is  582 
m n,  oxyhemoglobin,  578,  carbonyl  hemoglobin,  572,  and  methem- 

oglobin,  630. 
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The  amount  of  hemoglobin  or  oxyhemoglobin  in  blood  or 
other  fluids  may  be  estimated  by  means  of  the  colorimeter. 
(See  laboratory  work.)  Normally  blood  contains  nearly  1<% 
hemoglobin  in  men. 

Derivatives  of  the  Hemoglobins. — Carbonyl-Hemoglobin  — 
Hemoglobin  forms  compounds  with  various  gases  other  than 
oxygen,  such  as  carbon  monoxide.  Carbon  monoxide,  which 
is  a  constituent  of  illuminating  gas,  combines  with  hemoglobin 
in  molecular  proportions.  Its  union  apparently  is  firmer  than 
that  of  oxygen,  and  apparently  it  combines  with  hemoglobin 
at  the  same  place  as  does  oxygen,  for  if  both  gases  are  present, 
carbonyl-hemoglobin  is  formed,  and  the  taking  up  of  oxygen  is 
interfered  with.  The  carbon  monoxide  may  be  removed,  how¬ 
ever,  by  passing  a  stream  of  air  through  the  liquid  for  some 
time,  and  oxyhemoglobin  will  be  formed.  In  cases  of  asphyxia¬ 
tion  by  illuminating  gas,  carbon  monoxide  is  found  in  the 
blood,  thus  preventing  the  proper  transportation  of  oxygen  to 
the  tissues. 

Solutions  of  carbonylhemoglobin  are  a  bright  cherry  red  and 
remain  in  solution  while  hemoglobin  is  precipitated  by  tannin. 
The  absorption  bands  look  much  like  those  of  oxyhemoglobin, 
two  dark  bands  between  the  D  and  the  E  lines.  They  are 
slightly  nearer  the  violet  end  of  the  spectrum,  however,  and 
on  adding  Stokes’  reagent  to  the  mixture  they  do  not,  as  does 
the  hemoglobin  spectrum,  give  place  to  a  single  broad  band. 

Methemoglobin. — Methemoglobin  contains  ferric  iron.  It  con¬ 
tains  the  same  amount  of  oxygen  as  oxyhemoglobin,  but  the  oxy¬ 
gen  is  more  firmly  united  than  in  oxyhemoglobin  in  which  the 
iron  is  ferrous.  Methemoglobin  is  found  in  the  blood  after  poi¬ 
soning  with  chlorates  or  amyl  nitrite  and  is  found  occasionally 
in  the  urine,  in  transudates,  cystic  fluids,  and  elsewhere.  Out¬ 
side  the  body  it  may  be  prepared  for  study  by  adding  fresh 
potassium  ferricyanide  solution,  permanganate  or  other  sub¬ 
stances  to  oxyhemoglobin  solutions.  The  solution  turns  a  muddy 
brown  On  dilution  and  observation  with  the  spectroscope,  a 
dark  absorption  band  between  the  C  and  D  lines  is  observed.  Two 
fainter  bands  in  the  position  of  the  oxyhemoglobin  bands  are 
considered  by  some  investigators  to  be  due  to  the  presence  of  a 
small  amount  of  this  latter  pigment.  On  adding  Stokes’  reagent 
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to  a  met  hemoglobin  solution,  the  substance  is  changed  first  into 
hemoglobin,  and  this  on  shaking  with  air,  into  oxyhemoglobin, 
with  corresponding  changes  in  the  spectrum. 

On  adding  an  alkali  to  a  methemoglobin  solution,  alkaline 
methemoglobin  is  formed,  which  gives  a  characteristic  spectrum 
of  its  own. 

Hematin  is  the  compound  into  which  methemoglobin  may  be 
split  by  the  action  of  acids  or  other  agents.  It  contains  the 
iron  of  the  methemoglobin  molecule,  and  is  comparatively  simple 
in  structure.  It  has  been  shown  to  contain  four  pyrrole  rings. 
The  pyrrolidine  ring  is  contained  in  the  amino  acid,  proline. 

H  II  H  H 

N 

\ch3 

_ c2H5 

Pyrrole  Pyrrolidine  Proline  Phyllopyrrole 

Hematin  is  formed  from  methemoglobin  by  the  action  of  gas¬ 
tric  and  pancreatic  juices.  It  is  found  thus  in  the  feces  after 
gastric  or  intestinal  hemorrhage,  but  also,  of  course,  after  a 
meal  of  meat.  Hematin  gives  the  brown  color  to  cooked  meat. 
It  may  be  prepared  by  adding  blood  to  glacial  acetic  acid 
and  ether.  The  absorption  spectrum  of  acid  hematin  is  variable 
with  the  kind  of  acid  used  in  its  preparation  and  other  condi¬ 
tions.  If  prepared  as  above,  however,  it  shows  a  sharp  dark  band 
between  the  C  and  D  lines  and  a  fainter  broad  band  between  the 
D  and  F  lines.  Alkaline  hematin  shows  characteristic  bands. 
The  corresponding  compound  in  hemoglobin  and  containing  fer¬ 
rous  iron  is  called  heme. 

Warburg’s  Respiratory  Heme. — Forming  0.00000001  of  the 
substance  of  all  living  cells  and  necessaiy  for  cell  oxidation  is 
related  to  hematin,  but  not  in  sufficient  concentration  to  detect 
with  the  spectroscope.  Somewhat  similar  substances  which  are 
in  sufficient  concentration  to  be  detected  by  the  spectroscope 
have  been  called  cytochromes  by  Keilin. 

Hemochromogen  —  Ilemochromogen  is  obtained  by  denatur¬ 
ing  the  globin  from  hemoglobin  by  the  action  of  acids  or 
alkalies,  or  by  the  reduction  of  alkaline  hematin  (plus  globin) 
with  Stokes’  reagent.  Like  hematin,  it  also  contains  iron. 
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Oxygen  forms  with  hemochromogen  a  more  stable  compound 
than  with  hemoglobin.  Hemochromogen  shows  characteristic 
absorption  bands.  It  is  held  in  solution  by  the  denatured  globin. 
Purified  heme  is  insoluble,  but  forms  soluble  hemochromogens 
with  proteins  and  simpler  compounds. 

H 


Hematin 

Hematoporphyrin. — Hematoporphyrin  is  an  iron-free  deriva¬ 
tive  of  hemoglobin  which  may  be  prepared  by  adding  blood  to 
concentrated  sulphuric  acid.  The  liquid  becomes  purple  and  may 
be  shown  to  contain  hematoporphyrin.  It  gives  two  absorption 
bands,  one  on  each  side  of  the  D  line.  If  the  solution  is  made 
alkaline,  the  acid  hematoporphyrin  is  changed  to  alkaline  hema¬ 
toporphyrin,  which  shows  a  different  spectrum.  Hematopor¬ 
phyrin  is  found  in  the  urine  in  considerable  amounts  after  sul- 
phonal  poisoning,  and  the  statement  has  been  made  that  small 
amounts  occur  in  normal  urine.  Hematoporphyrin  is  interesting 
fiom  the  fact  that  it  is  closely  related  to  phylloporphyrin,  a  de¬ 
rivative  of  chlorophyl,  the  green  coloring  matter  in  plants.  In 
this  same  connection  it  is  also  interesting  that  hematoporphyrin 
acts  as  a  photo-sensitizer,  making  animals  sensitive  to  light.  If 
hematoporphyrin  is  injected  into  a  white  mouse,  no  ill  effects  ap¬ 
pear  so  long  as  the  animal  is  kept  in  the  dark.  If  exposed  to 
strong  sunlight,  however,  it  will  develop  dyspnea,  swelling  of 
the  ears,  edema  of  the  skin,  and  ultimately  will  die.  In  man  in 
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some  skin  diseases  connected  with  the  action  of  strong  sunlight, 
hematoporphyrin  has  been  observed  in  the  urine. 

Fate  of  Blood  Pigment  in  the  Body.— Hemoglobin  from 
broken  down  corpuscles  is  converted  into  bile  pigments,  and 
thus  is  the  source  of  these  coloring  matters.  The  bile  pigments, 
bilirubin  and  biliverdin,  and  also  urobilin ,  a  yellow  pigment  in 
the  urine  thus  come  from  the  broken  down  hemoglobin  of  the 
blood. 
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Nucleoproteins. — The  nucleoproteins  are  found  in  the  nuclei 
of  all  cells,  both  plant  and  animal.  It  has  been  suggested  that 
they  occur  in  other  portions  of  the  cell,  or  in  the  blood  plasma, 
but  this  is  doubtful,  although  their  decomposition  products  may 
occur  there.  Since  the  cell  nucleus  is  intimately  concerned  in  the 
process  of  cell  division,  and  thus  in  reproduction  and  growth, 
any  substances  found  regularly  and  characteristically  in  the 
nucleus  will  be  of  great  interest.  The  nucleoproteins  are  char¬ 
acterized  by  containing  nucleic  acid,  which  may  be  obtained  from 
them  by  splitting  off  the  protein  portion  of  the  molecule.  This 
process  can  be  carried  on  in  two  stages,  part  of  the  protein  split¬ 
ting  off  more  easily,  leaving  a  product  called  nuclein,  as  in  the 
action  of  gastric  juice  on  a  nucleoprotein.  By  the  action  of 
caustic  alkali  the  remaining  protein  in  nuclein  may  be  split  off, 
leaving  nucleic  acid. 

This  nucleic  acid  is  by  far  the  more  interesting  part  of  the 
nucleoprotein  molecule,  and  it  has  been  much  studied.  By 
vigorous  hydrolysis  nucleic  acid  may  be  split  into  four  kinds  of 
material  (1)  purine  bases,  (2)  pyrimidine  bases,  (3)  a  carbohy¬ 
drate,  and  (4)  phosphoric  acid.  Four  purine  bases  are  obtained, 
adenine,  guanine,  hypoxanthine  and  xanthine.  Only  the  first 
two  are  considered  to  be  present  in  the  original  molecule,  the 
last  two  being  formed  from  the  others  in  the  process  of 

hydrolysis. 
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Hypoxanthine  is  said  to  be  derived  from  adenine  during  the 
hydrolysis  of  the  nucleoprotein. 
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Xanthine  is  said  to  be  derived  from  guanine  during  the 
hydrolysis  of  the  nucleoprotein. 
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In  the  body  a  fifth  member  of  the  group,  uric  acid,  is  forme*  1 
from  the  others.  ^ 
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The  carbohydrate  portion  of  the  nucleic  acid  is  sometimes  a 
pentose  and  sometimes  a  hexose  or  allied  substance. 

The  fourth  product  is  phosphoric  acid,  H3P04. 

The  structure  of  the  nucleic  acids  has  been  worked  out,  and 
the  student  is  referred  to  larger  works  for  further  discussion  of 

this  subject. 
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It  may  be  said,  however,  that  each  molecule  of  nucleic  acid 
is  made  up  of  four  molecules  of  phosphoric  acid,  four  of  carbo- 
h}rdrate,  and  two  each  of  purine  and  pyrimidine.  By  careful 
hydrolysis,  from  one  molecule  of  nucleic  acid  four  compounds 
may  be  obtained,  each  consisting  of  one  molecule  each  of  phos¬ 
phoric  acid,  carbohydrate  and  either  purine  or  pyrimidine. 
These  substances  are  called  nucleotides.  By  splitting  off  the 
phosphoric  acid  from  the  nucleotides,  compounds  are  left  which 
consist  of  carbohydrate  plus  either  purine  or  pyrimidine. 
These  substances  are  called  nucleosides.  The  exact  manner  in 
which  the  four  nucleotides  are  joined  together  to  form  the 
nucleic  acid  molecule  has  not  been  definitely  determined. 

The  nucleoproteins  may  be  extracted  from  tissue,  such  as  the 
pancreas,  with  alkaline  or  salt  solutions.  On  acidifying  with 
acetic  acid  the  nucleoprotein  will  precipitate.  In  this  and  other 
properties  the  nucleoproteins  resemble  the  globulins  and  the 
phosphoproteins.  From  both  of  these  groups  they  may  be  dis¬ 
tinguished  by  their  content  of  purine  bases.  The  nucleoproteins 
contain  about  the  same  percentage  of  phosphorus  as  the  phospho¬ 
proteins.  Many  enzymes  are  nucleoproteins. 

Lecithoproteins. — The  lecithoproteins  are  compounds  made  up 
of  protein  combined  with  lecithin  or  some  other  phospholipin. 
Little  definite  information  is  available  concerning  these  com¬ 
pounds.  Some  investigators  put  vitellin  in  this  class  instead  of 
among  the  phosphoproteins,  for  vitellin  can  only  be  freed  from 
the  lecithin  which  occurs  with  it,  by  extraction  with  hot  alcohol. 
It  has  been  suggested  also  that  the  residue  of  the  blood  corpuscles 
after  removing  hemoglobin  contains  a  lecithoprotein. 

In  the  eggs  of  certain  fish  and  amphibians  there  are 
crystals  showing  in  the  polarizing  microscope  the  characteristic 
crystal  structure  and  not  indicating  in  any  way  the  occlusion 
of  impurities,  and  yet  they  are  a  combination  of  lecithin 
and  protein.  It  seems  probable  that  fibrin  and  thromboplastin 
are  cephaloproteins.  Whether  there  is  more  than  one  fibrin  and 
whether  the  components  are  in  stoichiometric  proportion  has 
never  been  decided. 


Derived  Proteins 

The  derived  proteins  arc  produced  when  proteins  are  acted  on 
b'  various  agents.  The  group  is  divided  into  primary  and  sec- 
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ondary  protein  derivatives.  In  making  the  former  the  proteins 
are  not  greatly  changed  in  their  properties.  In  making  the  sec¬ 
ondary  derivatives,  extensive  alteration  or  breaking  down  occurs. 
The  primary  derivatives  are  again  divided  into  proteans,  meta¬ 
proteins  and  coagulated  proteins.  The  secondary  derivatives  are 
subdivided  into  proteoses,  peptones,  and  peptides. 

Primary  Protein  Derivatives. — Proteans. — Proteans  probably 
may  be  formed  from  most  of  the  simple  proteins.  Those  formed 
from  the  globulins  have  been  most  studied.  If  edestin,  the  glob¬ 
ulin  from  hemp  seed,  is  dissolved  in  the  smallest  possible 
amount  of  hydrochloric  acid,  it  may  be  precipitated  by  adding 
a  small  amount  of  sodium  chloride.  On  adding  stronger  salt 
solution  a  portion  of  this  precipitate  will  not  dissolve.  As  often 
as  the  above  process  is  repeated,  a  further  portion  of  the  protein 
becomes  insoluble.  The  same  results  are  obtained  by  the  action 
of  weak  alkalies,  or  the  initial  action  of  enzymes  on  proteins. 
The  resulting  substances  are  called  proteans,  and  are  named 
from  the  material  from  which  they  are  prepared,  thus  edestan 
from  edestin  and  myosan  from  myosin.  They  differ  very  slightly 
from  unchanged  proteins,  and  undoubtedly  only  minor  rear¬ 
rangements  in  the  protein  molecule  have  occurred  in  their 
formation. 

Metaproteins. — Metaproteins  are  formed  from  the  proteins 
by  the  action  of  alkalies  or  acids,  either  dilute  or  concentrated. 
They  are  sometimes  called  albuminates.  If  a  very  dilute  acid 
or  alkali  is  allowed  to  act  on  a  protein  at  body  temperature  for 
some  time,  perhaps  a  half  hour,  it  is  quite  evident  that  some 
change  has  taken  place  in  the  protein,  for  if  the  faintly  acid 
solution  of  the  substance  is  boiled,  no  coagulation  takes  place. 
Both  acid  and  alkali  metaprotein,  formed  by  using  dilute  acid 
or  alkali,  will  dissolve  in  a  slight  excess  either  of  acid  or  of 
alkali.  If  the  solution  is  made  exactly  neutral,  however,  the 
metaproteins  will  precipitate.  If  this  precipitate  is  suspended 
in  water  and  boiled,  it  is  coagulated,  and  no  longer  may  be  dis¬ 
solved  by  adding  dilute  alkali  or  acid.  Dissolving  alkali  meta¬ 
protein  in  acid,  or  acid  metaprotein  in  alkali  does  not  change 
these  substances  into  one  another.  Perhaps  acid  metaprotem 
may  be  changed  into  alkali  metaprotein  by  longer  action  of  the 
alkali,  but  the  reverse  process  surely  does  not  take  place.  Alkali 
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racemizes  the  amino  acids  and  changes  the  optical  rotation  oi  the 
protein.  Alkali  metaprotein  is  formed  more  quickly  than  is  acid 
metaprotein,  and  in  the  former  process  some  nitrogen  and  sul¬ 
phur  are  split  off.  Acid  metaprotein  is  particularly  interesting 
because  it  is  formed  as  the  first  stage  in  the  digestion  of  most 
proteins  in  the  stomach.  Gastric  juice  contains  hydrochloric 
acid  which  forms  acid  metaprotein  from  the  proteins  of  the  food, 
thus  bringing  them  into  solution.  The  metaproteins  behave  in 
most  respects  like  proteins,  and  apparently  the  protein  molecule 
is  not  extensively  altered  when  they  are  formed. 

Coagulated  Proteins. — Proteins  are  denatured  when  acid 
solutions  of  most  proteins  are  heated  to  high  temperatures, 
when  most  proteins  are  allowed  to  stand  under  alcohol,  or  are 
acted  on  by  certain  enzymes,  or  spread  in  a  thin  film.  They 
are  characterized  by  their  insolubility  in  the  usual  mild  pro¬ 
tein  solvents,  such  as  water  and  salt  solutions.  Denaturation 
is  supposed  to  be  unfolding  of  the  chain.  Although  coagu¬ 
lated  proteins  are  fairly  insoluble,  still  they  will  dissolve 
in  strong  acids  or  alkalies,  or  in  dilute  acids  or  alkalies 
on  warming  slightly  for  some  time.  If  the  alkali  is  removed 
by  dialysis,  the  protein  is  no  longer  denatured.  In  the 
process  of  cooking  food,  most  of  the  proteins  are  coagulated, 
but  they  are  converted  into  metaprotein  by  the  acid  of  the 
gastric  juice,  and  then  digested.  Some  proteins  are  digested 
moie  easily  after  coagulation,  others  less  so.  Coagulated  pro¬ 
teins  give  all  color  tests  given  by  the  original  protein.  The 
protein  molecule  evidently  has  not  been  greatly  altered  or 
broken  down  in  their  formation. 

Secondary  Protein  Derivatives.— Proteoses  and  Peptones 
are  formed  trom  proteins  by  the  action  of  strong  acids  or  alka¬ 
lies,  or  by  the  action  of  enzymes.  The  protein  molecule  is  broken 
up  into  fragments  of  varying  size  and  properties.  From  what 
is  known  of  the  size  and  complexity  of  the  protein  molecule  it 
is  easy  to  understand  the  great  diversity  in  size,  composition  and 
^ the  Products  formed  on  splitting  it  into  fragments. 

vlr.  ’f ' ’r  P  SPCn‘  in  the  8tudy  o£  these  compounds.  As 
.  Ittle  ]S  known  of  the  individual  substances.  For  eonven- 

moni,’,  hCyiT  d,Vlded  accordin«  t0  the  concentration  of  am- 
im  su  phnte  required  to  precipitate  them.  Those  which 
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precipitate  on  saturating  with  ammonium  sulphate  are  called 
proteoses.  Those  which  will  not  precipitate  on  saturating  with 
ammonium  sulphate  are  called  peptones.  Such  a  method  of 
separation  is  unsatisfactory,  but  it  serves  its  purpose  until  more 
is  known  of  the  constitution  of  the  individual  substances.  It  is 
now  known  that  factors  other  than  the  size  of  the  molecule  affect 
the  ease  with  which  a  substance  may  be  precipitated  with  am¬ 
monium  sulphate.  Thus  substances  of  the  above  nature  which 
contain  tyrosine,  diiodotyrosine,  thyroxine,  cystine  and  trypto¬ 
phan  are  precipitated  at  lower  concentrations  of  ammonium 
sulphate  than  are  those  even  of  larger  molecular  weight  in  which 
these  amino  acids  are  missing.  A  study  of  the  proteoses  and  pep¬ 
tones  has  developed  the  important  fact  that  the  breaking  down 
of  the  protein  molecule  is  by  no  means  a  symmetrical  process.  In 
fact,  it  probably  consists  in  breaking  off  fragments  of  the  great¬ 
est  diversity,  including  some  of  the  amino  acids  themselves  even 
in  the  early  stages  of  the  process.  There  appear  to  be  certain 
combinations  or  groups,  “nuclei”  we  may  call  them,  in  the  pro¬ 
tein  modecule  which  are  quite  resistant  to  hydrolyzing  agents, 
and  even  after  very  vigorous  hydrolysis  such  groups  may  remain 
intact.  Although  the  proteoses  and  peptones  are  simpler  in 
structure  than  the  proteins,  they  still  are  quite  complex  sub¬ 
stances  and  contain  many  amino  acid  molecules,  many  more  than 
the  polypeptide  of  eighteen  amino  acids  built  up  by  Fischer. 

By  boiling  with  strong  acids  or  alkalies,  or  by  the  action  of 
certain  enzymes,  proteoses  and  peptones  are  split  into  amino 
acids  as  might  be  expected. 

Neither  proteoses  nor  peptones  coagulate  on  boiling.  Both 
groups  give  the  biuret  test.  The  color  is  redder  than  that  given 
by  proteins,  however.  Their  response  to  the  xanthoproteic  Mil- 
Ion  and  Hopkins-Cole  tests  depends  on  the  presence  of  tyrosine 
and  tryptophan  in  the  particular  proteose  or  peptone  under 
investigation.  Proteoses  usually  give  these  tests.  Peptones 
seldom  do.  Concentrated  nitric  acid  precipitates  some  pro¬ 
teoses.  These  are  called  primary  proteoses.  It  does  not  pre¬ 
cipitate  “secondary  proteoses”  or  peptones.  Peptones  will 
diffuse  fairly  well  through  an  animal  membrane.  They  are 
mixtures  of  peptides. 
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Peptides  are  substances  consisting  of  amino  acids  united  by 
the  “peptide  linkage.’ ’  These  compounds  have  been  obtained 
by  hydrolizing  protein,  and  also  have  been  built  up  artificially 
in  the  laboratory,  as  has  been  indicated  at  an  earlier  point  in 
the  discussion  of  proteins. 

A  dipeptide  of  liydroxyproline  and  hydroxy  glutamic  acid  was 
isolated  by  Dakin  from  liver  extract. 

Glutathyone  is  a  tripeptide  of  glycine,  cysteine,  and  glutamic 
acid  active  in  dehydrogenation — a  process  considered  essential 
in  the  oxidation  of  foodstuffs  in  the  body. 

Antibiotics  such  as  penicillin  probably  interfere  with  the 
glutathione  in  bacteria. 

The  final  products  of  hydrolysis,  the  amino  acids,  are  the  ul¬ 
timate  building  stones  of  which  the  proteins  and  their  simpler 
derivatives  are  built  up.  We  have  seen  that  proteins  are  neces¬ 
sary  in  the  food  to  maintain  life,  but  after  all  it  is  really  the 
amino  acids  which  are  needed,  for  in  digestion  the  proteins  are 
split  up  into  amino  acids,  and  these  substances  are  supplied  to 
the  living  cells  of  the  tissues.  Some  of  these  amino  acids  are 
used  to  build  up  new  cell  proteins  or  repair  old  ones,  whereas 
others  are  transformed  into  various  compounds  some  of  which 
undoubtedly  have  most  vitally  important  roles  to  play  in  con¬ 
trolling  or  instigating  many  of  the  vital  processes.  Others  of 
the  amino  acids  undoubtedly  are  simply  broken  down  and 
burned  in  the  body  as  fuel,  just  as  are  carbohydrates  and  fats, 
generally  speaking.  Some  of  the  important  roles  of  the  amino 
acids  will  be  considered  later  in  connection  with  the  study  of 
metabolism. 


CHAPTER  VI 
VITAMINS 


In  1881  Lunin  found  that  mice  would  not  grow  or  even  live 
on  a  mixture  of  the  known  essentials  of  food  and  supposed  that 
organic  phosphorus  compounds  were  necessary;  at  any  rate, 
there  were  unknown  substances  necessary  in  nutrition. 

Vitamin  — The  disease  referred  to  by  the  Japanese  as 
“kakke”  (Singhalese — beriberi)  occurs  in  the  Far  East.  It  was 
the  Dutch  who  made  the  earliest  scientific  studies  of  this  ques¬ 
tion.  Prof.  Pekelharing  of  Utrecht  visited  Eijkman*  in  Batavia 
in  the  Dutch  East  Indies  where  he  found  him  investigating  this 
disease.  Van  Leent  in  1880  had  supposed  that  rice  eating  was  re¬ 
lated  to  this  disease,  and  it  was  later  found  that  prisoners’  food 
fed  to  fowls  produced  a  disease  in  fowls,  avian  polyneuritis 
(Fig.  19),  which  resembled  human  beriberi.  In  1890  Hose  in 
Sarawak  thought  beriberi  a  dietary  disease.  Eijkman  showed 
that  rice  bran  would  cure  or  prevent  the  disease,  or  even  its 
watery  extract  was  effective.  Eijkman  published  this  fact  in 
1896  and  both  he  and  Grijns  continued  the  work.  In  1905  Pekel¬ 
haring  announced  that  mice  die  from  deficiency  of  some  sub¬ 
stance  contained  in  small  quantities  in  whey.  The  work  started 
by  the  Dutch  in  Batavia  and  Utrecht  was  taken  up  by  Fraser 
and  Stanton  in  the  Federated  Malay  States,  by  \  edder  in  the 
Philippines,  and  by  various  workers  in  England,  and  one  of 
these,  Funk,  announced  that  he  had  isolated  the  crystalline 
substance  and  called  it  “vitamine.”  Funk’s  crystals  were 
nicotinic  acid,  not  necessary  for  the  pigeon,  and  Sherman, 
therefore,  changed  the  word  to  vitamin.  The  Dutch  kept 
on  with  their  work  in  Batavia,  however,  and  in  1926,  Jansen 
and  Donath  announced  the  crystallization  of  the  vitamin. 
Peters  at  Oxford  has  made  large  quantities  of  the  crystalline 
vitamin  and  has  studied  its  physiology,  showing  that  its  lack 
is  associated  with  a  failure  of  the  oxidative  mechanism  of  the 
brain  with  the  accumulation  of  lactic  acid.  This  vitamin  was 
further  designated  as  “water-soluble”  vitamin  B  by  McCollum 


•Eijkman's  brother,  teaching  pharmacology  In  Japan,  probably  gave  the 
Japanese  the  idea  that  it  was  a  dietary  disease.  , 
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following  researches  of  Osborne  and  Mendel  at  1  ale  and  Mc¬ 
Collum  at  Johns  Hopkins  on  the  necessity  of  some  unknown 
substance  in  the  food.  It  was  called  water-soluble  because  it 
occurred  in  the  whey  of  milk — more  specifically,  the  milk  aflei 
the  removal  of  fat  and  protein.  This  is  now  further  diifei- 
entiated  as  vitamin  Bx  by  many  workers.  Already  Suzuki, 
Shimamura  and  Ohdake  in  Japan  had  reported  the  isolation 
of  oryzanin,  later  shown  by  Ohdake  to  be  a  mixture  ol  ten 
known  substances.  It  was  synthesized  by  Williams  and  Kline  in 


Fig.  19.—  Avitaminosis-B  in  the  pigeon.  (McCarrison :  Indian  J.  M.  Research.) 


1936  and  named  thiamine.  Thiamine  diphosphate  is  a  co¬ 
enzyme.  The  content  of  various  foods  in  this  vitamin  varies 
greatly,  it  being  deficient  in  the  endosperm  of  grains  but  more 
abundant  in  the  germ  of  grains.  Yeast  is  rich  in  it.  Thiamine 
is  necessary  for  the  growth  of  certain  microorganisms.  Piri- 

tlnamine  may  usurp  its  place  in  the  cell  and  thus  act  as  an  anti¬ 
biotic*. 
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Vitamin  A.  The  use  of  cod  liver  oil  in  medicine  is  very  old  *, 
m  fact,  it  was  referred  to  by  Dr.  Robert  Darby  in  1782,  but 
the  question  as  to  what  ingredients  are  effective  therapeutically 
is  still  being  discussed.  In  1909  Stepp  observed  that  mice  can¬ 
not  maintain  themselves  on  a  diet  which  has  been  extracted 
with  alcohol.  However,  if  the  extract  was  added  they  began 
to  grow  at  once,  and  he  came  to  the  conclusion  that  lipoids 
were  necessary.  It  might  be  recalled  that  Lunin  had  already 
referred  to  organic  phosphorus,  which  some  have  supposed 
referred  to  lecithin ;  in  fact,  lecithin  was  claimed  by  many 
people  to  be  beneficial  or  essential  in  the  diet.  Already  Hop¬ 
kins  and  his  coworkers  had  been  trying  to  grow  mice  on  food 
mixtures  of  known  composition,  and  in  doing  so  they  dis¬ 
covered  tryptophan.  In  1906  Hopkins  stated,  “Lecithin  has 
been  repeatedly  shown  to  have  a  marked  influence  upon  nutri¬ 
tion  .  .  .  there  are  many  minor  factors  of  which  the  body  takes  ac¬ 
count  .  .  .  minimal  quantitative  factors  .  .  .  nutritive  errors  .  .  . 
depend  upon  unsuspected  dietetic  factors.  ’  ’  It  had  been  known 
that  a  certain  disease  of  the  eyes  characterized  by  dryness  or 
xerophthalmia  (Fig.  20)  was  benefited  by  liver  and  cod  liver 
oil;  in  fact,  cod  liver  oil  had  been  applied  directly  to  the 
eyes.  Mori  in  1904  had  shown  that  in  Japan  xerophthalmia 
existed  and  could  be  cured  by  drinking  liver  oil.  Another 
eye  affliction  called  “ night  blindness ”  was  also  cured  by  liver, 
and  it  has  recently  been  shown  that  it  is  due  to  the  slow  rate 
of  regeneration  of  visual  purple,  of  which  vitamin  A  is  a 
constituent,  on  passing  from  light  to  dark.  Bloch  made 
studies  of  xerophthalmia  in  Denmark.  Due  to  the  war  price 
of  butter,  dairymen  were  induced  to  sell  all  of  it  rather  than 
feed  any  to  their  children.  Wolbach  and  Howe  showed  that 
various  mucous  membranes  became  keratinized.  It  has  even 
been  shown  that  vitamin  A  deficiency  may  simulate  the  action 
of  follicular  ovarian  hormone  in  keratinizing  the  vagina. 
Frazier  and  Hu  showed  that  excessive  keratinization  even  oc¬ 
curred  in  the  hair  follicles  and  sweat  glands  of  the  skin.  The 
enamel  of  the  teeth  does  not  develop  properly  in  vitamin  A  de¬ 
ficiency.  The  study  of  vitamin  A  distribution  has  been  aided  by 
the  use  of  xerophthalmia  as  a  biological  test  and  also  by  a  purely 
chemical  test.  If  the  suspected  substance  is  treated  with  arsenic 
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trichloride,  a  brilliant  blue  color  is  produced.  Many  workers 
prefer  the  use  of  antimony  trichloride,  which  gives  the  same 
color.  Another  method  was  the  absorption  band  of  vitamin 
A  at  3280  A.  It  has  been  found  that  livers  and  liver  oils  differ 
in  the  vitamin  A  content.  The  liver  of  the  halibut  is  much 
richer  in  vitamin  A  than  other  livers;  perhaps  this  is  due  to 
the  fact  that  it  lives  one  hundred  years  and  has  time  to  store 
large  quantities  of  vitamin  A.  Of  fresh-water  fish,  the  burbot  is 
rich  in  it. 


Fig.  20. — Rat  with  xerophthalmia  Fig.  21. — Recovery  on  a  carotene- 

from  lack  of  vitamin  A.  containing  food,  dried  spinach. 

(McClendon  and  Schuck. ) 


In  1919  Steenbock  showed  that  yellow  corn  contained  essen¬ 
tial  substances  not  contained  in  white  corn,  which  he  attributed 
to  vitamin  A.  This  work  was  first  objected  to  on  the  ground 
that  substances  showing  a  biological  test  for  vitamin  A  might 
be  colorless  but  Steenbock  prepared  pure  crystalline  carotene, 
which  is  a  yellow  pigment,  and  found  that  it  took  the  place 
of  vitamin  A  in  the  diet  (Fig.  21).  It  was  later  shown  that 
/1-carotene  is  closely  related  to  vitamin  A.  By  splitting  of  one 
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molecule  of  ^-carotene,  two  molecules  of  vitamin  A  may  be  pro 
•  lined.  Although  two  formulas  of  vitamin  A  have  been  proposed 
it  seems  certain  that  it  is  closely  related  to  carotene  in  structure 
and  is  a  terpene.  It  now  appears  that  carotene  and  vitamin  A 
are  of  qualitatively  equal  value  in  food.  Not  only  do  yellow 
plants  such  as  yellow  corn  and  carrots  contain  carotene,  but 
also  green  plants  contain  it,  the  yellow  color  being  obscured 
by  the  green.  Animal  tissues  may  contain  carotene;  for  in¬ 
stance,  the  natural  yellow  color  of  butter  and  egg  yolk  is 


Fig'.  22. — X-ray  of  tibia  of  mouse  with  rickets.  (Street  and  McClendon: 

Sci.  Rpt.  Tohoku  Imp.  U.,  Japan  10:  5.  1935.) 

either  carotene  or  an  oxidation  product.  On  the  other  hand, 
animal  tissues  may  contain  colorless  vitamin  A,  so  that  theii 
content  in  this  essential  cannot  be  determined  by  the  color.  It 
seems  unfortunate,  however,  that  creameries  are  allowed  to 
put  dyes  that  are  not  carotene  in  butter,  making  it  appear 
that  it  has  a  higher  carotene  content.  Jersey  and  Guernsey 
butter  is  high  in  carotene,  whereas  goat  butter  is  colorless,  the 
carotene  having  all  been  converted  into  vitamin  A.  In  the 
drying  of  green  plants  when  the  green  color  is  retained  some 
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carotene  is  retained.  Usually  about  half  or  more  of  the  caro¬ 
tene  is  destroyed  by  drying.  In  sun-dried  hay  nearly  all  of 
the  carotene  is  destroyed. 

As  shown  by  the  earlier  work  of  Hopkins  there  is  a  growth 
factor  in  butter.  McCollum  and  Kennedy  called  this  “fat- 
soluble  A,”  and  it  is  the  same  as  vitamin  A.  Growth  does  not 
proceed  at  a  normal  rate  in  the  absence  of  this  vitamin. 

Vitamin  D. — The  action  of  cod  liver  oil  on  rickets  (Fig.  23) 
was  realized  very  gradually;  in  fact,  it  was  forced  on  the  medical 
world  by  long  experience.  Kassowitz  dissolved  homeopathic 
doses  of  phosphorus  in  oil  to  treat  rickets.  Cod  liver  oil  was 
cheaper  than  olive  oil,  so  the  rich  babies  got  olive  oil  and  the 
poor  babies,  cod  liver  oil.  This  practice  started  in  1884,  con¬ 
tinued  in  most  places  until  after  World  War  I. 


tig.  23.  Rickets  in  a  pup.  (Committee  on  Accessory  Food  Factors,  Sp. 

Rpt.  No.  38.) 


The  chemistry  of  vitamin  I)  has  already  been  given.  In 
the  biological  tests,  however,  it  was  confused  with  vitamin 
A  because  it  is  also  fat-soluble  and  the  preparations  con¬ 
tained  both  vitamins.  Cod  liver  oil  is  rich  in  both  vitamins 
A  and  D.  E.  Mellanby  showed  during  World  War  I  that  rickets 
may  be  prevented  in  pups  by  means  of  fat-solnble  vitamin, 
hig.  22  shows  rickets  in  a  mouse.  The  space  between  the 
epiphysis  and  diaphysis  of  the  tibia  is  filled  with  osteoid  tissue, 
which  is  soft.  McCollum  separated  vitamin  A  from  vitamin  D 
but  green  and  yellow  plants  are  good  sources  of  carotene  hav- 

Vitamin  A‘  11  was  observed  by  McClendon 

in  thp^^L-  iat  f,Very  sma11  quantity  of  spinach,  dehydrated 
the  dark,  would  cure  xerophthalmia  in  rats  in  a  few  days 
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(Pig.  21),  but  any  quantity  of  dried  spinach  up  to  the  greatest 
amount  that  could  be  tolerated  by  a  rat  would  not  prevent  rick¬ 
ets  on  a  low  phosphorus  diet,  lacking  animal  oils,  or  vitamin  D. 

From  the  work  of  Palmer,  Huldschinsky,  and  Hess  and 
Unger  it  developed  that  rickets  may  be  prevented  by  ultra¬ 
violet  irradiation  of  the  skin  and  therefore  the  body  can  syn¬ 
thesize  its  own  vitamin  D  if  it  is  allowed  access  to  sufficient 
ultraviolet  rays.  Hairy  animals,  however,  are  not  as  much 
affected  as  bald  ones.  It  is  shown  that  white  rats  that  are 
muzzled  to  prevent  their  licking  themselves  are  very  little 
affected  by  ultraviolet  rays.  Apparently  most  of  the  vitamin 
D  that  is  synthesized  is  on  the  outside  of  the  hair,  and  if  they 
are  allowed  to  lick  this  off  they  may  obtain  an  adequate  supply 
of  vitamin.  Steenbock  showed  that  irradiated  foods  possessed 
antirachitic  properties,  but  it  was  unfortunate  that  he  irradi¬ 
ated  plants  which  had  spent  their  whole  lives  in  the  sunshine. 
It  seems  strange  that  a  little  more  irradiation  would  produce 
any  greater  supply  of  vitamin.  Schlutz  and  Ziegler  have  shown 
that  irradiated  higher  plant  foods  are  of  little  benefit  in 
rickets.  Plants  that  spend  their  lives  in  the  dark,  however, 
as  yeast,  or  are  protected  by  black  coverings,  as  ergot,  may 
develop  considerable  vitamin  D  on  being  irradiated,  but  this 
is  also  true  of  animal  products.  The  irradiation  of  pure  ergos- 
terol  is  a  more  logical  method  of  producing  this  vitamin. 
Vitamin  D  cures  not  only  rickets  but  also  osteoporosis  and 
nutritional  tetany  or  spasmophilia ;  in  fact,  it  raises  the  blood 
phosphorus  and  calcium  levels.  It  does  not  act  through  the 
parathyroid  glands  because  Dale,  Marble  and  Marks  developed 
a  high  level  of  calcium  in  the  blood  even  after  the  removal  of 
the  parathyroid  glands  on  administration  of  vitamin  D.  In  low 
calcium  rickets,  however,  the  parathyroids  are  always  enlarged 
and  cause  lack  of  phosphate  due  to  its  elimination  through  the 

kidneys. 

Several  isomers  of  vitamin  D  have  been  reported,  vitamin  Dt 
of  biological  potency  23,700  and  vitamin  D2  of  biological  potency 
44,600.  They  are  the  same  in  melting  point  as  the  synthetic 
products,  a  mixture  of  lumisterol  and  calciferol  and  pure  cal¬ 
ciferol.  Irradiated  7-dehydrocholesterol  is  called  vitamin  D3, 
and  irradiated  22-dihydroergosterol  as  D4.  Pihydrotachysterol 
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has  been  used  clinically.  How  does  the  vitamin  D  get  in  fish 
liver  oil?  Although  ultraviolet  rays  do  penetrate  water  there 
is  considerable  absorption  of  them,  and  it  has  not  been  shown 
that  seaweed  has  more  vitamin  D  than  green  land  plants.  It 
seems  probable  that  animals  synthesize  vitamin  D  in  the  sea 
as  well  as  on  land,  and  it  has  not  been  shown  that  ultraviolet 
light  was  the  only  synthetic  agent.  Oils  extracted  from  small 
sea  animals  called  zooplankton,  have  very  low  antirachitic 
value  and  both  vitamins  A  and  D  are  very  variable  in  the  liver 
oils  of  different  fish.  Liver  oils  of  mammals  are  very  low  in 
vitamin  D.  Butter  is  also  low  in  it,  but  butter  and  suet  are 
higher  in  it  than  are  vegetable  oils;  in  fact,  nut  butters  are 
not  as  valuable  in  this  way  as  old-fashioned  oleomargarine. 
Lard  is  said  to  be  devoid  of  it. 

Vitamin  E. — In  1920,  Mattill  and  Conklin  observed  that  rats 
on  an  exclusive  milk  diet  were  usually  sterile,  and  in  1922 
Evans  and  Bishop  observed  the  same  sterility  in  female  rats 
raised  on  purified  diets.  They  studied  the  disturbances  and 
found  that  the  ovum  was  implanted,  but  the  fetus  died  about 
the  twelfth  day.  In  this  way  they  developed  a  biological  test 
for  an  unknown  dietary  essential  which  they  called  vitamin  E. 
Sure  made  similar  observations  the  next  year.  Nelson  showed 
that  diets  high  in  lard  caused  sterility.  It  has  later  been  found 
that  males  become  sterile  when  lacking  vitamin  E.  Evans  and 
Burr  showed  that  vitamin  E  is  a  fat-soluble  vitamin.  The  best 
of  the  raw  material  was  found  to  be  wheat  germ  oil.  The 
vitamin  appears  in  the  unsaponified  fraction  and  is  not  taken 
out  by  removal  of  the  sterol.  It  is  stable  to  hydrogenation  but 
loses  activity  on  bromination  and  acetylation.  It  seems  to  be 
associated  with  a  broad  absorption  band  with  maximum  at 
94°  A.  Lack  of  vitamin  E  may  cause  not  only  sterility  in  both 
male  and  female  rat  but  also  paralysis  and  creatinuria 
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Vitamin  C  is  necessary  to  prevent  scurvy  in  some  animals. 
Scurvy  has  been  known  since  ancient  times.  It  was  the  curse 
of  the  sailors  who  voyaged  with  Columbus  and  Magellan.  Lind 
published  a  clinical  description  of  the  disease  nearly  two  hun¬ 
dred  years  ago,  as  well  as  some  notes  on  diet.  Holst  and 
Frohlich  developed  a  biological  test  by  showing  that  young 
guinea  pigs  developed  scurvy  when  fed  for  several  weeks  on 
oats  and  bran.  The  teeth  loosen  and  may  be  pulled  out  easily 
with  the  fingers.  Hemorrhages  occur  in  the  muscles,  skin,  and 
even  in  the  bones.  Osteoporosis  becomes  severe.  The  costo¬ 
chondral  junctions  easily  fracture  and  the  healing  of  the  junc¬ 
tions  shows  beading,  as  in  rickets  (Fig.  24).  The  cementum  of 
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Fig.  24 

incipient  scurvy;  j,  nemmc  scurvy,  j/,  u 
scurvy  ;  6,  healed  fracture  causing  “beading 


the  teeth  disappears  and  the  odontoblasts  leave  their  proper 
places  and  congregate  in  groups  in  the  pulp  cavities.  Robb 
showed  that  the  bones  and  teeth  dissolve  and  pass  out  in  the 
urine.  On  the  way  out  bone  salts  may  deposit  in  previous 
hemorrhages,  for  instance,  in  the  muscles  (Fig.  25).  If  the  skin 
is  pinched,  hemorrhages  occur.  Hess  arid  Fish  in  1914  de¬ 
veloped  a  capillary  resistance  test  to  detect  scurvy.  Gothlin 
applied  this  test  to  children  of  Northern  Sweden  and  found  that 
they  showed  decreased  capillary  resistance  toward  the  end  of  the 
long  winter.  Man  and  the  guinea  pig  develop  scurvy  easily  with 
lack  of  vitamin  C,  but  the  rat,  rabbit,  and  dog,  and  some  other 
animals  do  not  seem  to  develop  it.  Vitamin  C  concentrates  in 
the  adrenal  gland,  and  when  animals  are  fed  on  a  diet  deficient 
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in  vitamin  C  there  is  no  increase  and  usually  a  decrease  of  its 
content  in  the  adrenal.  Zilva  concentrated  vitamin  C  in  lemon 
juice.  An  apparatus  for  concentrating  it  in  orange  juice  was 
constructed  by  McClendon  (Figs.  67  and  68).  Fresh  orange 
juice  was  fermented  with  large  quantities  of  yeast  so  that  with¬ 
in  less  than  an  hour  all  of  the  sugar  was  removed.  It  was  then 
filtered  or  centrifuged  and  about  four  volumes  of  strong 
alcohol  added  to  precipitate  the  pectin.  The  alcoholic  extract 
passed  as  a  fine  spray  into  a  blast  of  superheated  flue  gas  in  a 
closed  chamber.  The  rapid  evaporation  prevented  the  over¬ 
heating  of  the  droplets  and  they  fell  upon  the  floor  as  a  fine 
powder.  If  this  powder  was  kept  sealed  in  evacuated  containers 
it  retained  its  full  potency  for  six  years,  at  which  time  the 
supply  was  exhausted. 

In  1920  Szent-Gyorgi  showed  that  freshly  cut  adrenal  cortex 
darkened  when  treated  with  silver  nitrate  and  isolated  the 
reducing  substance  as  a  crystalline  compound  which  he  called 
hexuronic  acid.  He  isolated  this  also  from  cabbage  and  orange 
juice  and  remarked  that  indophenol  blue  is  readily  reduced 
by  hexuronic  acid  and  that  it  probably  is  the  substance  that 
had  been  studied  by  Zilva.  Zvirbely  and  Szent-Gyorgi  found 
that  hexuronic  acid  gave  the  biological  test  for  vitamin  C. 
Haworth,  Hirst,  and  Reynolds  studied  it  chemically  and  named 
it  ascorbic  acid.  The  formula  which  they  propose  contains  a 
lactone  ring  and  undergoes  keto-enol  isomerization. 
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Ascorbic  acid  has  been  synthesized  from  xylosone.  Vitamin 
C  occurs  in  many  fresh  foods,  particularly  fresh  fruit  and 
vegetables.  In  1921  I  showed  that  it  stands  drying  in  many 

!"'fured  fruits  by  the  ordinary  methods.  Hess  has  shown 
that  it  will  keep  a  long  time  when  protected  from  oxygen. 
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In  1922  E.  L.  Schield  showed  in  my  laboratory  that  corn, 
beans,  and  peas  could  be  canned  after  removing  the  air  with 
an  air-pump  while  shaking  the  container,  and  thus  preserve 
considerable  antiscorbutic  vitamin.  He  neglected  to  publish 
this  until  1924.*  The  oxygen  may  be  removed  by  the  metabolism 
of  the  live  fruits  and  vegetables  immersed  in  water  to  exclude 
oxygen  from  the  air.  It  should  be  emphasized  that  tomatoes 
are  fruits  and  behave  as  such  when  preservation  of  vitamin  C 
is  concerned.  Rhubarb  is  highly  acid  and  retains  its  vitamin  C 
in  a  similar  manner  as  do  fruits,  but  fruit  juices  when  exposed 
to  air  lose  their  vitamin  C  in  time.  It  was  known  for  a  long 


Fig.  25. — The  leg  in  scurvy.  (Hess:  Scurvy,  Past  and  Present.) 

time  that  the  juices  of  citrus  fruits  are  effective  in  preventing 
scurvy.  This  led  to  the  industry  of  bottling  lime  juice  in  the 
West  Indies  to  use  on  shipboard,  and  British  vessels  were  called 
‘  ‘  lime-juicers.  ’  ’  During  World  War  I,  however,  it  was  shown  in 
the  Lister  Institute  in  London  that  the  bottled  lime  juice  was 
practically  devoid  of  vitamin  C.  Special  precautions  have  to 
be  taken  in  order  to  preserve  it.  The  effect  of  pH  upon  the 
destruction  of  vitamin  C  by  cooking  was  carefully  investigated 
by  LaMer,  and  this  indicates  the  difference  between  the  fruits 
and  vegetables,  since  the  destruction  is  less  rapid  in  the  higher 
acidities.  It  was  shown  by  G.  Medes  that  storage  beef  does  not 
contain  enough  vitamin  C  for  a  guinea  pig  even  when  it  is 


•Proc.  Soc.  Exper.  Biol.  &  Med  21:  341,  1924. 
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taught  to  eat  a  meat  diet,  hut  Stefansson  has  learned  by  many 
years  of  experience  in  the  Arctic  that  fresh  or  frozen  meat  will 
prevent  or  cure  scurvy  in  man. 

Glucoascorbic  acid  may  usurp  the  place  of  ascorbic  acid  in 
the  tissues  and  thus  produce  scurvy. 


Vitamin  B  Complex 

Riboflavin  (Vitamin  B2). — It  has  been  shown  that  alcoholic 
extract  of  wheat  germ,  but  to  a  greater  extent  yeast  and  liver 
extract,  contains  more  than  one  vitamin,  so  that  the  anti¬ 
beriberi  vitamin  has  been  called  vitamin  Bx  and  another 
vitamin  in  the  preparation  vitamin  B,  by  English  workers. 
Vitamin  F  was  a  name  proposed  by  Sherman  for  vitamin  Bt, 
but  it  was  also  used  for  the  unsaturated  fatty  acid  requirement. 
In  order  to  avoid  this  confusion  it  is  best  to  drop  the  term 
vitamin  F. 

By  adsorption  on  fuller’s  earth  from  acid  solution,  by  elution 
with  dilute  pyridine  or  ammonia,  a  substance  showing  a  strong 
yellow  green  fluorescence  was  obtained,  showing  growth-promot¬ 
ing  power  directly  proportional  to  intensity  of  color.  The  name 
flavins  was  adopted  for  this  group  of  pigments.  The  flavins 
are  hydrogen  acceptors.  Lactoflavin  from  milk-whey  has  been 
crystallized. 
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\east  is  the  best  source  oi‘  vitamin  B2  and  has  been  carried 
by  aeroplane  to  marooned  victims  of  floods  suffering  from  the 
disease.  It  also  occurs  in  liver  and  muscle.  Green  plants  are 
not  as  rich  in  it  as  they  are  in  vitamin  Bx.  Header  claims  to 
have  isolated  another  vitamin  out  of  the  old,  so-called  vitamin 
B  preparation,  which  she  calls  B4.  It  was  apparently  adsorbed 
on  adenine  crystals  just  as  in  the  case  of  Seidell’s  vitamin  B 
preparation. 

Isoriboflavin  may  usurp  the  place  of  riboflavin  in  the  tissues 
and  produce  symptoms  of  riboflavin  deficiency. 


Flavin-protein  is  Warburg's  yellow  respiration  enzyme.  Ribo¬ 
flavin  is  a  growth-promoting  factor. 

Nicotinic  acid  is  not  necessary  for  pigeons  and  was  not  tried 
cm  dogs  until  1937.  Goldberger  and  his  colleagues  showed 
that  pellagra  (Fig.  26),  meaning  rough  skin,  a  disease  espe¬ 
cially  prevalent  in  people  eating  large  amounts  of  Indian  corn, 
is  due  to  diet.  In  the  southern  states  the  diet  of  corn  pone, 
sow  belly,  and  black  strap  molasses  seems  to  produce  it.  the 
necessary  food  factor  was  called  provisionally  pellagra  pre- 
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ventive  (P-P)  and  was  found  to  occur  in  yeast.  A  pellagra 
hospital  was  built  by  the  United  Slates  Public  Health  Semicc  in 
South  Carolina,  and  autolyzed  yeast  was  prepared  in  large 
quantities. 

This  work  was  aided  by  the  discovery  that  black  tongue,  a 
disease  in  dogs,  was  due  to  similar  food  deficiencies.  The 
quantitative  distribution  of  the  antiberiberi  and  the  antipellagra 
factors  in  foods  were  not  quite  harmonious.  Foods  which  pre¬ 
vented  beriberi  did  not  seem  so  effective  against  pellagra;  thus 
Goldberger  produced  pellagra  in  prisoners  by  a  diet  including 
the  above-mentioned  ingredients  but  also  containing  small 
amounts  of  cabbage.  It  was  suspected  that  the  protein  was  in¬ 
adequate,  and  tryptophan  was  tried  as  a  cure  for  experimental 
pellagra.  It  was  said  to  improve  the  condition  of  pellagrous 
monkeys,  but  they  died  nevertheless.  When  pellagra  has  ad¬ 
vanced  very  far,  however,  it  attacks  the  central  nervous  system 
and  recovery  on  giving  the  accessory  food  factor  is  not  certain. 
In  the  attempt  to  produce  it  experimentally  in  rats,  cataract 
was  produced.  The  alcohol  extract  of  wheat  germ  is  rich  in  anti- 
beriberi  vitamin  but  poor  in  antipellagra  factor.  Yeast  contains 
both,  but  if  yeast  is  heated  sufficiently  in  an  autoclave,  the  anti- 
beriberi  factor  is  destroyed,  leaving  the  antipellagra  factor. 
This  gave  opportunity  to  search  for  the  chemical  nature  of  the 
two  factors.  Narayanan  and  Guha  found  that  the  antipellagra 
factor  could  be  adsorbed,  and  Kuhn  by  such  methods  separated 
it  into  two  components,  vitamin  H  or  skin  factor  and  another, 
but  this  has  not  been  confirmed.  Elvehjem  showed  that  nicotinic 
acid  cured  black  tongue  and  Spies  found  it  effective  in  pellagra. 
The  place  of  nicotinic  acid  in  the  tissues  may  be  usurped  by 
3-acetyl-pyridine  and  thus  produce  pellagra. 
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A  thermostabile  substance  in  vitamin  B  complex  is  said  to 
be  the  extrinsic  factor  in  pernicious  anemia  and  to  cure  macro¬ 
cytic  anemia. 

The  intrinsic  factor  is  said  to  occur  in  gastric  mucosa  and 
liver  (Minot  and  Murphy)  and  to  be  a  polypeptide  containing 
lysine,  arginine,  glycine,  leucine,  hydroxyproline,  aspartic  acid, 
and  an  amino  hexose.* 

Vitamin  B,.(Pyridoxine). — A  human  disease  of  unknown 
etiology  has  for  a  long  time  been  called  acrodynia.  It  has  no 
known  relation  to  a  dermatitis  of  the  extremities  in  rats,  recently 
called  acrodynia.  Rats  develop  dermatitis  due  to  deficiency  of 
linolic  or  arachidonic  acid  or  biotin,  and  several  animals  develop 
dermatitis  due  to  deficiency  of  nicotinic  acid  or  riboflavin.  Rats 
do  not  require  nicotinic  acid  but  if  all  the  other  essentials  are 
adequate  in  the  diet  and  dermatitis  that  can  be  cured  by 
pyridoxine  occurs,  it  is  called  acrodynia. 
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The  roles  of  essential  fatty  acid,  biotin,  pantothenic  acid, 
and  para-aminobenzoic  acid  in  rat  acrodynia  are  still  in  dispute.! 
Nicotinic  acid  and  riboflavin  are  also  concerned  with  dermatitis. 
Since  these  B  complex  vitamins  may  be  synthesized  by  bacteria 
in  the  gut,  the  nutrition  of  these  bacteria  is  concerned.  Some 
bacteria  require  “bios"  and  some  do  not. 

Biotin.— Wildiers  gave  the  name  “bios”  to  an  unknown 
growth  factor  for  yeast.  Kogl  and  Thbnnes  named  such  a  sub¬ 
stance  biotin  and  Du  Vigneaud  showed  it  to  have  the  following 

structure : 


•Dakin  and  West:  J.  Biol.  Chem.  109:  489,  1935. 
tQuackenbush :  J.  Nutrition  24:  225,  1942. 
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Egg  white  contains  a  protein,  avidin,  which  combines  with 
biotin  and  prevents  its  absorption.  If  rats  are  fed  on  raw  egg 
white  they  develop  a  dermatitis  due  to  biotin  deficiency.  Chicks 
develop  a  dermatitis  and  susceptibility  to  malaria  as  a  result  of 
biotin  deficiency.  Biotin  has  been  called  coenzyme  R  because  it 
increases  respiration  of  certain  bacteria. 

Imidazolidone-caproic  acid  may  usurp  the  place  of  biotin 
in  the  cell  or  in  avidin  and  thus  has  an  antibiotin  activity. 

Pantothenic  acid  is  a  name  given  by  R.  J.  Williams  to  an¬ 
other  “bios”  constituent  with  the  following  structure: 


ch3 
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HOCH—  C— CHOHCONHCH2CH2COOH 
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ch3 

Pantothenic  Acid 

Lack  of  pantothenic  acid  produces  dermatitis  in  the  chick 
and  gray  hair  and  porphyrin-coated  whiskers  (excreted  by 
Harderian  gland)  in  the  rat.  Gray  hair  in  the  rat  has  also 

non  attributed  to  lack  of  biotin  or  para-aminobenzoic  acid 
(see  below). 

Pantothenic  acid  is  necessary  for  growth  of  certain  bacteria 
l)ut  its  place  may  be  usurped  by  thiopanic  acid  and  their  growth 
inhibited.  The  gray  hair  may  be  due  to  lack  of  some  other 
substance  synthesized  by  bacteria  in  the  gut. 

ess^thff  .T’ “ZOi°  aC,id,haS  bCen  Claimed  by  Ansbaeher  to  be 
essential  for  the  normal  skm  of  rat  and  chick  and  lack  of  it 

grfy  h?lr  m.the  mouse.  It  is  necessary  for  the 

sulfanilamide'  L'  bactena’  but  i,s  PIae«  may  be  usurped  by 
suilamlamide  and  their  growth  inhibited. 
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Inositol  was  claimed  by  Lash  Miller  to  be  a  “bios”  con¬ 
stituent.  Wooley  found  that  mice  lacking  inositol  failed  to 
grow  and  became  bald.  It  is  claimed  that  inositol  is  essential 
tor  chicks  and  rats  and  lack  of  it  produces  “spectacled  eye” 
in  the  rat.  Since  cereal  grains  contain  phytin  and  an  enzyme, 
phytase,  that  produces  inositol  from  phytin  in  bread  dough, 
there  is  usually  no  deficiency  of  inositol  in  the  diet.  Much  of 
the  phytin  of  the  diet  appears  in  the  feces,  however. 

Folic  acid  has  been  suggested  as  a  necessary  vitamin,  but 
since  it  is  synthesized  by  bacteria  in  the  gut,  it  may  not  be 
necessary  in  food. 

Chondroitin-sulphuric  acid  is  necessary  in  the  diet  of 
chicks  to  prevent  erosions  of  the  gizzard. 

Choline  is  necessary  to  prevent  perosis  in  the  chick  and 
fatty  liver  in  mammals.  Perosis  is  a  shortening  of  the  bones 
sometimes  causing  a  tendon  to  slip.  Although  Best  claims  that 
ordinary  choline  prevents  fatty  livers,  Dragstedt  believes  that 
the  active  substance  is  “lipocaic”  mixed  with  the  choline.  Since 
“lipocaic”  is  considered  a  hormone  rather  than  a  vitamin  it 
need  not  be  discussed  here.  Most  animals  can  synthesize  choline 
if  there  is  an  abundance  of  methionine  in  the  diet. 

The  above  list  beginning  with  vitamin  B2  has  been  called  the 
vitamin  B  complex  and  is  present  in  yeast. 

Vitamin  K. — Biochemists  have  long  been  puzzled  by  the  fact 
that  in  obstructive  jaundice,  in  which  the  bile  does  not  reach 
the  intestine,  the  blood  does  not  clot  properly.  Dam  found  a 
lack  of  blood  coagulability  without  jaundice  in  chickens,  due  to 
food  deficiency.  The  missing  element  he  called  vitamin  K  and 
it  was  shown  by  the  combined  work  of  several  chemists  to  lia^e 
this  structure: 
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Several  other  compounds  have  the  same  action.  It  occurs  in 
food  but  requires  bile  for  its  absorption  so  that  in  obstructive 
jaundice  it  is  injected  parenterally.  It  is  necessary  for  the 
formation  of  prothrombin  by  the  liver. 

Its  place  may  be  usurped  by  ‘ * dicoumarol’ ’  or  3,3'-methylene- 
bis ( 4-hydroxy coumar in )  and  vitamin  K  deficiency  produced. 

Vitamin  P,  or  capillary  permeability  vitamin,  is  said  to  be 
a  flavone  glucoside  and  to  have  a  different  distribution  in  food¬ 
stuffs  from  vitamin  C.  Rutin  from  buckwheat  has  this  action. 

Xanthopterin,  yellow  butterfly  color,  is  found  in  human 
urine  under  the  name  of  uropterin.  Lack  of  it  produces  anemia 
in  fish  and  in  some  warm-blooded  animals. 

The  Weston-Levine  Vitamin  Chart  can  be  obtained  from  Dr. 
Roe  E.  Remington,  Hendersonville,  N.  C. 


CHAPTER  VII 
ENZYMES 

Enzymes  are  catalysts ;  i.e.,  they  increase  the  speed  of  chemi¬ 
cal  reactions.  Enzymes  have  been  the  object  of  much  study 
in  recent  years,  and  it  has  been  shown  that  they  are  proteins;  in 
fact,  they  are,  according  to  the  view  of  Waldschmidt-Leitz,  com¬ 
posed  of  two  groups:  a  small  active  group  (coenzyme)  and  a 
carrier  of  protein  nature.  The  molecular  weight  of  several 
enzymes  is  about  35,000  but  the  limit  may  exceed  a  million  if 
the  viruses  are  included.  The  same  active  group  may  be 
removed  from  one  carrier  and  attached  to  another.  The 
action  of  the  enzyme  is  influenced  to  a  greater  extent  by 
the  active  group  than  by  the  carrier,  but  it  is  a  function  of 
both. 

More  is  known  of  the  activity  of  enzymes  than  of  their 
chemical  constitution.  A  pure  catalyst  at  the  end  of  its  action 
is  not  combined  with  the  substrate  or  any  of  the  decomposition 
products  and  does  not  change  the  equilibrium  point  of  the 
chemical  reaction  and  hence  does  not  contribute  energy  to  the 
reaction.  Enzymes  may  approach  the  characteristics  of  pure 
catalysts.  It  seems  probable  that  the  enzyme  combines  with  the 
substrate,  is  released  after  the  breaking  of  the  bond,  and  is  then 
free  to  combine  with  another  molecule  of  substrate ;  thus  a  small 
amount  of  enzyme  may  be  used  in  the  splitting  of  a  large  amount 
of  substance.  Enzymes  are  produced  by  living  cells,  and  they 
are  destroyed  by  boiling  of  their  solutions  which  denatures  the 
protein  but  does  not  destroy  the  active  group  or  coenzyme.  The 
first  enzyme  solution  was  obtained  by  Dubrunfaut  (malt  diastase 
1830).  Buchner,  1897,  subjected  yeast  to  enormous  pressure 
and  pressed  out  yeast  juice,  which  contains  a  mixture  of 
enzymes,  but  the  activity  of  this  juice  was  said  to  be  due 
to  zymase ,  which  changes  sugar  into  alcohol  and  carbon  dioxide. 
(Yeast  was  called  an  organized  ferment  and  the  yeast  juice  an 
unorganized  ferment  until  1878  when  Kiihne  stopped  the  discus¬ 
sion  by  coining  the  name  enzyme.) 
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By  the  aid  of  enzymes,  reactions  go  on  in  the  body  at  body 
temperature  which  would  go  on  at  an  immeasurably  slow  rate 
at  this  temperature  without  their  aid.  Thus  sugar  in  neutral 
solution  is  not  oxidized  to  any  appreciable  extent,  but  in  the 
body  it  may  be  oxidized  very  rapidly.  This  is  due  to  a  number 
of  enzymes  in  the  body.  In  the  test  tube,  however,  an  enzyme 
will  not  go  on  transforming  new  portions  of  material  indefi¬ 
nitely,  although  it  may  transform  many  thousand  times  its 
weight  of  substrate.  There  may  be  a  gradual  destruction  of 
the  enzyme  or  the  accumulation  of  products  may  stop  the  re¬ 
action.  In  some  cases,  however,  these  products  speed  up  the 
process,  a  phenomenon  known  as  autocatalysis.  The  addition 
of  another  substrate  which  is  attacked  very  slowly  by  the 
enzyme  may  slow  up  a  reaction  that  was  already  going  on, 
due  to  the  fact  that  the  enzyme  combines  with  the  resistant 
substrate,  and  while  it  is  so  combined  it  cannot  attack  the 
easily  transformed  substrate.  Such  substrates  are  called  anti¬ 
enzymes.  The  concentration  of  both  enzyme  and  substrate 
affect  the  rate  of  reaction.  When  the  substrate  is  a  single 
substance,  with  a  constant  concentration  of  enzyme,  the  rate 
of  reaction  is  directly  proportional  to  the  concentration  of  the 
substrate.  This  is  called  a  monomolecular  reaction. 

In  many  cases  a  number  of  reactions  are  possible,  but  a 
particular  enzyme  catalyzes  a  particular  reaction  and  in  this 
way  influences  the  course  of  the  process.  Thus  some  enzymes 
produce  carbon  dioxide  and  alcohol  from  sugar,  but  some  other 
enzyme  may  produce  lactic  acid  from  sugar. 

It  Mas  formerly  believed  that  the  chemical  transformations 
in  the  living  body  were  due  to  vital  forces,  but  the  experiment 
of  Buchner  in  1897  in  which  he  separated  zymase  from  yeast 
cells  paved  the  way  for  clearing  up  this  misunderstanding. 
The  3  east  juice  acts  even  when  filtered  through  a  porcelain 
filter,  which  would  remove  any  fragments  of  cells.  Some  oxida¬ 
tion  reactions,  however,  have  not  been  separated  from  the 
cells.  Eliot  showed  that  "homogenized”  tissue  contained  unin¬ 
jured  cells.  If  the  granules  are  separated  out  of  cell  juice 
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its  oxidative  activity  stops.  This  fact  has  been  made  much 
use  of  in  theories  of  certain  enzyme  activities.  Colloidal 
platinum  acts  as  a  powerful  catalyst  in  many  reactions.  Char¬ 
coal  will  cause  the  oxidation  of  a  solution  of  oxalic  acid  to 
carbon  dioxide  and  water,  but  it  was  found  by  Warburg  that 
iron  in  the  charcoal  is  necessary.  Finely  divided  nickel  is  used 
to  reduce  cottonseed  oil  with  hydrogen.  Such  catalytic  action 
is  due  to  surface  activity. 

Enzymes  may  normally  act  within  the  cell  in  which  they 
are  produced  and  are  called  endoenzymes,  or  they  may  be 
secreted  and  act  outside  the  cell  and  are  called  exoenzymes. 
The  latter  include  the  enzymes  of  digestion  in  the  alimentary 
tract.  Enzyme  action  is  greatly  influenced  by  hydrogen  ions 
and  other  substances.  Harden  and  Young  showed  that  phos¬ 
phates  are  necessary  for  the  action  of  zymase  on  sugar,  and 
Embden  showed  that  they  were  necessary  for  the  utilization 
of  sugar  by  muscle.  The  phosphate  combines  with  the  sugar 
and  other  substances  as  detailed  below. 

Nomenclature  and  Classification. — The  nomenclature  of  the 
enzymes  is  somewhat  irregular  as  several  of  them  were  named 
before  any  rules  had  been  adopted.  The  ending  ase  now  em¬ 
ployed  indicates  that  the  substance  is  an  enzyme,  and  the 
remainder  of  the  word  usually  indicates  either  the  substance 
upon  which  the  enzyme  acts  or  the  nature  of  the  reaction  it 
brings  about.  Since  the  chemical  nature  of  no  enzyme  is  fully 
understood,  it  is  usually  necessary  to  denote  the  source  of  the 
enzyme,  because  similar  enzymes  from  different  sources  show 
slight  differences.  The  substance  upon  which  the  enzyme  acts 
is  called  the  substrate.  The  classification  of  the  enzymes  is 
only  provisional  until  a  better  one  is  possible.  Most  enzymes 
are  grouped  according  to  their  substrates.  Thus  there  ai  e 
proteases  (act  on  proteins),  lipases  (act  on  fats),  amylases 
(act  on  starch,  amylum),  lactase  (on  lactose),  maltase  (on 
maltose),  but  also  oxidases  and  reductases.  Of  the  older 
names  we  have  pepsin,  rennin,  trypsin,  and  zymase.  The 
suffix  lytic  is  used  to  indicate  breaking  down  of  the  sub¬ 
strate.  Many  enzyme  actions  are  hydrolytic  in  character,  and 
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the  enzymes  concerned  are  classed  as  lipolytic,  proteolytic,  01 
glycolytic  according  to  the  substrate. 

Proteolytic  enzymes  are  divided  into  several  groups :  1, 

pepsin  which  acts  on  protein  in  strong  acid  solution  but  does  not 
completely  break  it  up  into  the  amino  acids;  2,  kathepsin,  an 
enzyme  found  in  various  cells,  and  grouped  with  it  papain,  a 
proteolytic  enzyme  from  the  fruit  and  leaves  of  the  papaya  and 
bromelin  from  the  pineapple.  These  enzymes  act  best  at  a 
pH  from  4  to  7,  and  they  are  activated  by  -SH  groups  and 
by  HCN  and  are  particularly  sensitive  to  heavy  metals  or  mild 
oxidation.  3.  Trypsin  acts  best  at  a  pH  from  6.5  to  7.5.  It  is 
activated  by  enterokinase.  According  to  Waldsehmidt-Leit.z  so- 
called  activation  means  here  the  formation  of  a  new  enzyme 
which  is  a  compound  of  trypsin  and  enterokinase  and  which  he 
calls  trypsin-kinase.  4.  Erepsin,  secreted  by  the  intestine,  is 
now  considered  to  be  made  up  of  several  enzymes :  dipeptidases, 
which  split  dipeptides,  and  amino  polypeptidases,  which  attach 
to  the  free  amino  group  and  then  split  the  polypeptide  (of 
these  there  is  a  special  prolinase),  carboxy-polypeptidase,  which 
attaches  to  the  carboxyl  group  and  splits  the  polypeptide  (of 
these  there  is  a  special  tyrosine-polypeptidase,  leucine-polypep¬ 
tidase,  and  arginine-polypeptidase  or  protoaminase). 

Besides  these  hydrolytic  enzymes  there  are  desamidases, 
which  remove  ammonia  from  amino  compounds,  decarboxylases, 
which  remove  carbon  dioxide  from  the  carboxyl  group,  and 
coagulases,  which  coagulate  proteins. 

Desamidases  : 

Arginase  is  found  in  the  liver  and  splits  arginine  into  urea 
and  orinthine. 

Urease  is  present  in  bacteria  and  roots  and  seeds  of  leguminous 
plants  It  splits  urea  into  NH,  and  carbamic  acid  and  the  latter 
hydrolyzes  into  NHS  and  C03.  This  process  causes  urine  to  be¬ 
come  alkaline.  If  urease-containing  bacteria  invade  the  bladder 
a  eavy  eposit  of  ammonium-magnesium  phosphate  accumu- 

IcllGS. 

Adenase  deaminizes  adenine  in  glycolysis  of  muscle. 
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Esterases  (in  addition  to  the  lipases)  : 

Phosphatases  concerned  with  phosphoric  acid  esters  occur  in 
kidney,  blood,  intestine,  bone,  muscle  and  liver. 

Phosphorylases.  Although  the  phosphoryl  group  is  OP,  the 
action  of  phosphorylases  seems  to  be  on  esters  of  phosphoric 
acid  and  hence  have  the  same  function  as  phosphatases  but  on 
different  substrates.  Phosphorylases  are  concerned  with  syn¬ 
thesis  and  hydrolysis  of  glycogen  and  intermediate  metabolism 
of  carbohydrates. 

Cholinesterase  is  concerned  with  the  synthesis  and  hydrolysis 
of  acetyl-choline  though  the  intermediate  steps  are  in  dispute. 

Specific  Nature. — As  may  be  inferred  from  the  above  state¬ 
ments,  the  enzymes  act  upon  particular  substances  or  classes 
of  substances  only,  and  in  general  an  enzyme  which  acts  upon 
one  compound  will  not  act  upon  any  other.  The  enzymes  are 
thus  said  to  be  specific  in  their  action,  that  is,  each  one  acts 
on  a  particular  kind  of  material,  or  brings  about  one  particu¬ 
lar  kind  of  chemical  action.  Emil  Fischer  has  likened  this 
characteristic  to  the  fitting  of  a  key  into  a  lock. 

The  degree  of  specificity  extends  to  stereochemical  structure, 
and  an  enzyme  will  frequently  attack  one  stereochemical 
isomere  and  not  the  other.  This  characteristic  is  used  in  the 
preparation  of  optically  active  substances.  By  synthetic 
methods  usually  a  racemic  mixture  is  obtained  and  an  enzyme 
may  be  used  to  destroy  one,  leaving  the  other  in  pure  solution. 

Influence  of  Temperature. — One  of  the  characteristics  of  the 
enzymes  is  their  extreme  sensitiveness  to  temperature.  The 
temperature  of  the  solution  in  which  the  enzyme  is  acting  will 
be  found  to  influence  greatly  the  speed  of  the  reaction.  In 
general,  a  rise  of  10°  will  double  the  rate  of  the  reaction,  but 
this  is  true  only  within  certain  limits.  The  highest  tempera¬ 
ture  at  which  enzymes  act  best  is  therefore  the  region  of  great¬ 
est  speed ;  this  is  around  37°-40°,  and  is  about  the  temperature 
of  the  bodies  of  warm-blooded  animals.  Enzymes  in  some  cold¬ 
blooded  animals  may  not  act  at  this  temperature  and  some 
enzymes  act  best  at  an  even  higher  temperature,  for  instance, 
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the  diastase  of  malt.  With  few  exceptions,  if  a  solution  con¬ 
taining  an  enzyme  is  heated  to  60°-80°,  the  enzyme  is  destroyed 
or  inactivated.  On  the  other  hand,  enzymes  can  be  exposed 
to  temperatures  far  below  the  freezing  point  without  destroy¬ 
ing  (inactivating)  them. 

In  the  existence  of  an  optimum  temperature  for  each  enzyme, 
these  substances  differ  from  inorganic  catalysts,  for  which 
there  usually  is  no  optimum  temperature,  and  whioh  usually 
are  not  destroyed  by  heat. 

Effect  of  Hydrogen  Ions. — Enzjmies  are  destroyed  by  strong 
acids  or  bases,  and  there  is  an  optimum  pH  for  each  enzyme. 
Certain  of  the  enzymes  which  act  in  weak  acid  solution  are 
destroyed  by  making  the  solution  alkaline,  and  the  converse 
is  also  true.  Some  have  a  wide  pH  range.  Pepsin  will  act  at 
a  pH  of  1.  Most  enzymes  act  best  near  the  neutral  point. 
Hydrogen  ions  act  both  on  the  substrate  and  on  the  enzyme, 
and,  therefore,  there  may  be  a  different  optimum  pH  when 
acting  on  one  substrate  from  that  when  acting  on  another 
substrate.  Other  substances  may  affect  the  optimum  pH. 
Langfelt  showed  that  the  optimum  pH  for  liver  amylase  in 
the  presence  of  chlorides  is  6.8,  in  the  presence  of  phosphates 
6.2,  and  in  the  presence  of  adrenaline  7.73. 

Reversibility. — Enzymes  have  the  power  of  catalyzing  a 
chemical  reaction  either  way,  that  is,  of  decomposing  a  com¬ 
pound  or  building  up  the  same  compound  from  its  decomposi¬ 
tion  products.  This  property  is  spoken  of  as  reversibility,  and 
the  enzymes  are  said  to  be  reversible  in  their  action. 

This  phenomenon  was  demonstrated  by  Croft  Hill,  working 
w ith  maltose  and  maltase,  and  he  was  able  to  show  that  the 

enzyme  caused  a  resynthesis  of  disaccharide  from  monosac¬ 
charide. 


Ifastle  and  Loevenhart  on  mixing  butyric  acid  and  ethyl 
alcohol  with  pancreatic  extract  were  able  to  detect  the  odor 
of  ethyl  butyrate,  indicating  that  the  lipase  of  the  pancreas 
had  caused  a  recombination  of  these  substances  to  form  the 
ester.  It  had  already  been  known  that  this  enzyme  would 
cause  a  splitting  of  the  ester  into  the  alcohol  and  acid  The 
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importance  to  the  cell  of  the  reversibility  of  enzyme  action 
is  apparent  in  the  activity  of  the  cell  in  building  up  its  own 
structure  or  in  producing  material  for  storage,  such  as  gly¬ 
cogen,  fat,  or  other  substances. 

Active  and  Inactive  Forms. — In  the  form  in  which  they  are 
secreted  by  cells,  some  of  the  enzymes  are  inactive,  and  be¬ 
come  capable  of  exerting  their  customary  activity  only  after 
they  have  been  acted  on  by  some  other  substance.  The  enzymes 
are  thus  said  to  exist  in  both  inactive  and  active  forms. 

The  inactive  form  is  often  called  the  zymogen  form ;  the 
activating  substance,  kinase.  The  coenzyme  is  a  substance, 
usually  of  known  composition,  which  is  necessary  for  enzyme 
activity,  and  may  contain  phosphate.  Coenzymes  are  usually 
unaffected  by  heat  and  then  are  not  themselves  enzymes.  Often 
they  dialyze  and  may  thus  be  removed  from  the  enzymes,  which 
do  not  dialyze.  An  enzyme  solution  may  be  rendered  inactive  by 
dialyzing,  and  then  reactivated  by  adding  the  coenzyme  thus 
removed.  The  protein  carrier  is  sometimes  called  apoenzyme. 

Accumulation  of  Decomposition  Products. — Activity  of  the 
enzyme  is  often  retarded  by  the  products  it  produces  from  the 
substrate.  In  the  case  of  digestion  in  the  intestine  the  products 
are  removed  by  absorption  so  that  the  digestion  can  continue 
at  a  rapid  rate.  In  a  test  tube  or  a  beaker  accumulation  of 
the  products  slows  up  the  enzyme  action,  except  in  the  case 
of  autocatalysis. 

Chain  Reactions. — Many  reactions  depend  on  more  than  one 
enzyme  for  completion,  the  reaction  taking  place  in  successive 
stages,  each  one  of  which  is  brought  about  by  a  different 
enzyme.  Thus  the  breaking  down  of  starch  requires  at  least 
two  and  possibly  more  enzymes.  At  first  the  enzyme,  diastase, 
breaks  down  the  starch  to  maltose,  and  then  the  enzyme,  mal- 
tase,  breaks  the  maltose  into  glucose. 

Biological  Oxidations 

Wieland  showed  that  biological  oxidations  consist  of  a  series 
of  dehydrogenations. 
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Dehydrogenases. — The  active  group  of  dehydrogenase  I  is 
codehydrogenase  I. 
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It  contains  nicotinic  acid  amide  and  is  therefore  related  to 
vitamins.  The  sugar  is  probably  d-ribose  and  the  other  base 
is  adenine.  (The  splitting  out  of  water  between  two  ortho- 
phosphoric  acid  groups  requires  furnace  temperatures  in  in¬ 
organic  chemistry  but  it  may  be  possible  by  means  of  enzymes 
at  body  temperature.)  Codehydrogenase  I  plus  the  apoenzyme 
removes  the  hydrogen  from  lactic  acid  to  form  pyruvic  acid, 
codehydrogenase  I  plus  the  apoenzyme  also  forms  the  dehydro¬ 
genases  of  hexose  diphosphate,  malate,  and  alcohol. 

Codehydrogenase  II  is  the  same  except  that  there  is  an  ad¬ 
ditional  phosphoric  acid  group.  The  property  of  receiving  and 
giving  hydrogen  is  the  property  of  the  nicotinic  acid  amide. 

^dehydrogenase  II  plus  the  apoenzyme  dehydrogenates  hexose 
monophosphate. 


The  action  of  dehydrogenases  was  demonstrated  by  Thunberg 
in  the  following  simple  manner: 


Succinic  dehydrogenase.  Succinic  acid  and  methylene  blue 
m  water  were  introduced  into  a  test  tube  with  a  stopcock  in  the 
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stopper.  The  tube  was  evacuated  and  the  succinic  dehydrogen¬ 
ase  reduced  the  succinic  to  fumaric  acid.  The  reduced  dehydro¬ 
genase  donated  its  excess  hydrogen  to  the  methylene  blue  (thus 
decolorizing  it)  and  then  dehydrogenated  additional  succinic 
acid.  A  itamin  C  and  glutathione  are  supposed  to  perform  the 
function  of  methylene  blue. 

Fumarase  hydrates  fumaric  to  malic  acid. 

Malic  dehydrogenase  oxidizes  malic  to  oxaloacetic  acid. 

Glycerophosphate  dehydrogenase  converts  glycerophosphate 
into  triose  phosphate. 

Triose  phosphate  dehydrogenase  converts  triose  phosphate  in¬ 
to  phosphoglyceric  acid. 

Ordinarily  tissue  does  not  contain  methylene  blue  and  the 
oxidation  of  the  reduced  dehydrogenase  is  effected  by  the  yellow 
enzyme,  the  active  group  of  which  is  riboflavin  phosphate  com¬ 
bined  with  adenylic  acid,  usually  known  as  alloxazine-adenine 
dinucleotide  and  hence  related  to  vitamins. 
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This  is  also  the  active  group  of  the  d-amino  acid  oxidase  and 
the  xanthine  oxidase. 

Oxidation  by  dehydrogenation  does  not  get  rid  of  the  carbon 
of  intermediates  in  metabolism,  but  this  is  done  by  decai  boxj  la- 
tion  (removing  CO,  from  the  carboxyl  group).  The  enzyme 


K 


Fig.  27. — Reduction-oxidation  potential  of  methylene  blue  on  abscissa  and  per  cent  blue  on  ordinate  at  pH  7  at  30 
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concerned  is  called  carboxylase  and  the  active  group,  co-car 
hoxylase,  which  is  vitamin  B,  diphosphate  (or  pyrophosphate). 
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Oxaloacetic  carboxylase  converts  oxaloacetic  acid  into  pyruvic 
acid. 

The  reduced  yellow  enzyme  is  oxidized  by  cytochrome  which 
is  a  heme-protein  compound. 

The  reduced  cytochrome  is  oxidized  by  Warburg’s  respiratory 
enzyme  which  is  another  heme-protein  compound.  The  respira¬ 
tory  enzyme  is  oxidized  by  atmospheric  oxygen. 

Redox  Potential. — The  intensity  of  oxidation-reduction  in  an 
enzyme  system  may  be  read  in  volts  by  immersing  a  platinum 
wire  into  it  and  connecting  it  through  a  potentiometer  to  a  cal¬ 
omel  electrode  connected  by  a  salt  bridge  to  the  enzyme  system. 

This  redox  potential  may  be  determined  colorimetrically  by 
adding  a  suitable  redox  indicator  and  determining  the  per¬ 
centage  in  the  oxidized  color  and  at  the  same  time  determining 
the  pH,  for  example,  with  methylene  blue  at  pH  7  at  30°,  Fig.  27 
gives  the  redox  potential  in  volts  on  the  abscissa  and  the  per  cent 
blue  on  the  ordinate. 


CHAPTER  VIII 


DIGESTION  IN  THE  MOUTH 


General  Purpose  of  Digestion. — The  cells  perform  much 
work:  they  build  up  substances  for  secretion,  they  produce 
heat  by  the  oxidation  of  their  own  constituents  or  materials 
supplied  to  them,  and  they  perform  mechanical  work.  To  do 
all  these  things  the  cells  require  fuel  and  materials  out  of 
which  to  construct  their  products.  Thus  a  living  organism 
must  take  food.  For  purposes  of  producing  heat  or  mechanical 
work  the  materials  required  are  not  restricted  to  particular 
chemical  substances.  It  is  enough  that  the  materials  supplied 
be  such  that  they  can  enter  the  cells,  and  be  “burned”  by 
them.  For  purposes  of  repair  or  building  specific  products,  how¬ 
ever,  the  situation  is  different.  Unless  the  body  can  build  up  a 
constituent  such  as  a  given  amino  acid  required  for  the  manu¬ 
facture  of  a  necessary  substance,  that  particular  constituent 
must  be  supplied  in  the  food.  We  are  beginning  to  realize  that 
definite  building  stones  are  demanded  by  the  cells  for  the  con¬ 
struction  of  their  products.  In  some  cases  the  body  itself  is  able 
to  manufacture  the  necessary  building  stones  from  other  ma¬ 
terials.  In  other  cases  it  is  not  able  to  do  so,  and  serious  conse¬ 
quences  result  if  the  required  building  stone  is  not  supplied  in 
sufficient  amounts.  This  is  another  argument  in  favor  of  a 

varied  diet  which  will  be  likely  to  furnish  all  substances  re¬ 
quired. 


The  materials  of  our  food  correspond  only  in  a  rough  way  to 
the  materials  out  of  which  our  body  is  constructed.  Many  of 
the  plant  proteins,  for  example,  are  valuable  foods,  although 
they  differ  from  our  body  proteins  in  the  relative  amounts  and 
m  the  arrangement  of  the  different  amino  acids  they  contain 
If  the  varied  substances  in  our  food  all  could  get  into  the  blood 
stream,  and  into  the  cells,  the  problems  of  the  cells  would  be 
greatly  complicated,  for  they  would  be  obliged  to  deal  with  a 
great  variety  of  proteins,  carbohydrates  and  fats.  Nature  lias 
solved  this  problem  by  arranging  for  the  breaking  up  o  he 
various  foodstuffs  into  their  simple  building  stones  in  the  db 
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gestixe  tiact.  It  is  in  the  form  of  these  simple  building  stones,  a 
limited  uniform  list  of  which  is  obtained  in  general  from  all 
the  food  substances,  that  the  food  materials  reach  the  cells. 
The  primary  function  of  digestion  is  thus  to  break  up  the 
diverse  constituents  of  the  foods  into  a  fairly  uniform  mixture 
of  simple,  diffusible  compounds  which  enter  the  blood  and 
are  presented  to  the  cells  for  their  use.  The  chief  factors  in  this 
breaking  down  process  are  the  enzymes  present  in  the  digestive 
juices.  The  enzymes  and  the  conditions  affecting  their  activities 
have  already  been  discussed. 

Preparation  of  Food. — Chewing. — Proper  cooking  is  of  great 
importance  in  preparing  food.  After  proper  cooking  comes 
proper  chewing.  Some  foods  should  be  thoroughly  chewed  to 
break  them  up  into  small  fragments  so  that  the  digestive  en¬ 
zymes  may  have  better  access  to  their  constituents.  In  general, 
animal  food  requires  no  cooking  or  chewing  for  digestion,  but 
vegetable  food  requires  milling,  cooking  and  chewing  for  com¬ 
plete  utilization  of  the  starch. 

Saliva. — Secretion *  Amount. — In  the  process  of  chewing,  the 
food  not  only  is  broken  up,  but  it  becomes  mixed  with  the  first 
of  the  digestive  juices,  the  saliva.  The  saliva  is  secreted  by 
three  sets  of  glands,  the  parotid,  submaxillary,  and  sublingual, 
and  also  by  small  glands  in  the  mucous  membrane.  The  ma¬ 
terials  secreted  by  the  different  glands  vary,  as  do  also  the 
nature  of  the  stimuli  which  will  cause  a  secretion.  The  blood 
brings  to  the  salivary  glands  a  supply  of  raw  materials  which 
are  used  in  the  formation  of  saliva :  salts,  water,  and  the  con¬ 
stituents  of  mucin.  When  the  cells  are  secreting,  their  blood 
supply  is  greatly  increased.  Granules  appear  in  the  cells,  and 
these  are  apparently  the  mother  substance  of  mucin.  Each 
set  of  glands  is  controlled  by  nerves  from  the  brain  direct, 
and  from  the  sympathetic  system.  The  nerves  from  the  brain 
dilate  the  arterioles,  those  from  the  sympathetic  system  con¬ 
strict.  When  the  former  are  stimulated  (the  chorda  tympani 
for  the  sublingual  and  submaxillary,  and  the  aunculotemporalis 
branch  of  the  fifth  nerve,  with  its  fibers  from  the  glossophar¬ 
yngeal  for  the  parotid)  much  saliva  is  secreted,  and  it  is  of  a 
‘thinner,  more  watery  character  than  the  secretion  resulting 
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from  stimulation  of  the  sympathetic.  It  is  as  yet  undecided 
whether  the  difference  in  character  of  the  saliva  under  these 
two  types  of  stimulation  is  due  to  different  responses  on  the 
part  of  the  same  cells,  response  of  different  cells,  the  dilation  or 
constriction  of  the  blood  vessels,  or  to  other  causes.  A  flow  of 
saliva  may  be  produced  by  mechanical  irritation  of  the  mouth, 
by  reflex  action  upon  stimulation  of  the  end  organs  of  taste  or 
smell,  by  purely  psychic  influences,  such  as  the  thought  or  sight 
of  food,  or  by  a  general  reflex,  as  in  nausea  preceding  vomiting. 
Its  flow  may  be  inhibited  by  nervous  stress  or  anxiety,  a  fact 
well  known  to  amateur  public  speakers  or  by  those  who  have 
experienced  dryness  of  the  throat  in  sudden  fright.  Some  drugs 
stimulate,  others  retard  the  flow  of  saliva.  The  composition  of 
the  secretion  is  influenced  by  the  nature  of  the  stimulus  pro¬ 
ducing  it. 


If  a  dog  is  fed  meat,  the  saliva  secreted  is  thick  and  mucous 
(submaxillary  secretion)  but  if  dried  pulverized  meat  is  fed 
the  saliva  is  thin  and  watery  (parotid  secretion).  Thus  there 
appears  to  be  a  certain  amount  of  adaptation  of  the  character 

which  rr,?°ni't0  th:  r  °f  StimUluS’  and  (0  function 
which  the  secretion  will  be  called  upon  to  perform.  The  thick 

mucous  saliva  serves  as  a  lubricant  for  the  meat  whereas  the 

in  watery  secretion  moistens  the  dry  meat  powder. 
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Chemical  substances  may  cause  profuse  secretion,  for  example 
dilute  acetic  acid.  Weak  alkalies  do  not  stimulate  secretion. 

Very  interesting  results  have  been  obtained  in  studying  the 
psychic  secretion.  If  a  fasting  animal  is  shown  tempting  food, 
saliva  flows  copiously.  If  the  animal  is  not  allowed  to  eat  the 
food,  however,  and  it  is  shown  to  him  repeatedly,  the  psychic 
secretion  no  longer  appears.  Also,  if  an  animal  is  first  shown 
something  he  does  not  care  for,  and  which  causes  no  secretion, 
and  then  given  something  he  is  fond  of,  and  the  whole  process 
is  repeated  several  times,  finally  saliva  will  be  secreted  at  sight 
of  the  unappetizing  food,  the  display  of  which  always  has  been 
followed  by  the  feeding  of  something  he  likes.  This  is  called  a 
conditioned  reflex.  Evidently  he  has  learned  to  associate  the  un¬ 
appetizing  food  with  the  appetizing,  a  secretion  resulting. 

The  amount  of  saliva  secreted  in  a  day  undoubtedly  varies 
within  wide  limits.  Fifteen  hundred  c.c.  a  day  has  been  sug¬ 
gested  as  an  average  amount.  Many  factors  may  greatly  in¬ 
crease  this  amount  such  as  smoking,  continuous  chewing, 
mercury  poisoning,  or  various  drugs,  notably  pilocarpine. 

Composition  of  ilie  Mixed  Saliva. — The  mixed  saliva  is  a  thin 
watery  fluid  (99.4%  water)  containing  various  salts,  including 
potassium  thiocyanate,  and,  as  its  most  important  constitu¬ 
ents,  mucin  and  an  enzyme  ptyalin.  Other  substances  of  vary¬ 
ing  nature  are  present  in  small  amounts.  The  saliva  is  usually 
somewhat  turbid,  due  to  cells  or  other  material,  and  on  stand¬ 
ing  and  losing  C02  the  turbidity  increases,  due  to  the  precipita¬ 
tion  of  calcium  phosphate.  It  is  often  thick  and  somewhat  slimy 
in  character  from  the  mucin  present,  most  of  which  is  secreted 
by  the  submaxillary  and  sublingual  glands.  Mucin  is  a  glyco¬ 
protein  which  already  has  been  discussed  in  the  chapter  on 
proteins.  Saliva,  if  exposed  to  air,  is  neutral  in  reaction  (pH 
=  about  7.2),  but  if  it  is  collected  in  such  a  way  as  to  prevent 
loss  of  C02,  it  is  normally  slightly  acid  (pH  =  about  6.4). 

Bunzell  determined  the  pH  of  saliva  from  somewhat  over 
three  hundred  people,  and  found  the  pH  to  average  6.4.  There 
was  no  difference  between  samples  collected  in  the  morning 
and  in  the  afternoon.  He  did  not  find  any  relation  between 
the  pH  of  the  saliva  and  the  condition  of  the  teeth.  He  also 


DIGESTION  IN  THE  MOUTH 


J85 


found  no  relation  between  the  kind  of  dentifrice  used  (nineteen 
kinds  in  all)  and  the  pH  of  the  saliva.  There  were,  to  be  sure, 
slight  changes  in  the  composition  of  the  saliva  after  the  use 
of  various  dentifrices,  but  these  changes  were  of  short  dura¬ 
tion,  and  inside  of  ten  minutes  were  no  longer  evident.  This 
result  was  obtained  regardless  of  whether  the  dentifrice  con¬ 
tained  soap  or  not.  Other  investigators  have  confirmed  this 
observation.  It  is  apparent  then,  that  the  function  of  a  denti¬ 
frice  is  mainly  that  of  cleansing  the  teeth.  C4ies  and  Bunzell 
showed  also  that  the  mucin  of  saliva  is  “curdled”  by  acids 
(acetic  and  hydrochloric  were  used  in  his  experiments)  when 
the  acidity  reached  the  range  of  pH  =  1.5  to  4.  Calcium  ions 
prevent  the  “curdling”  of  mucin  even  if  sufficient  acid  is  pres¬ 
ent.  He  points  out  that  the  claim  that  certain  dentifrices 
“curdle”  mucin  is  not  justified,  as  they  never  have  so  high  an 
acidity  as  would  be  required  to  curdle  mucin  and  there  is  alwmys 
much  calcium  present. 

Functions  of  Saliva. — The  saliva  moistens  the  mouth  and  food, 
and  by  reason  of  the  mucin  present,  serves  as  a  lubricating  agent 
to  aid  in  the  manipulation  and  swallowing  of  the  food.  It  also 
cleans  and  preserves  the  teeth,  both  by  washing  away  particles 
of  food  which  otherwise  might  decay,  producing  acids  which 
would  attack  the  teeth,  and  also  by  neutralizing  acids  introduced 
into  the  mouth.  The  saliva  performs  also  an  important  digestive 
function  by  reason  of  the  enzyme  ptyalin  which  it  contains. 
Ptyalin  is  an  enzyme  which  acts  on  starches.  Little  is  known  of 
its  chemical  nature,  but  evidence  seems  to  indicate  that  it  is 
made  up  of  a  substance  resembling  a  protein  combined  wit li  a 
carbohydrate  gum.  Perhaps  ptyalin  is  not  a  single  enzyme,  but 
a  mixture  of  twTo  or  more  enzymes,  each  of  which  is  responsible 
for  one  of  the  steps  in  the  digestion  of  starch.  Ptyalin  is  a 
member  of  the  group  of  amylases,  or  starch  splitting  enzymes. 
These  enzymes  are  widespread  in  nature,  and  are  found  in 
vegetable  cells  and  also  in  various  animal  secretions  and  tissues. 


They  convert  starch  or  starchlike  carbohydrates  into  interme¬ 
diate  decomposition  products  and  finally  into  maltose.  The 
different  amylases  are  not  identical,  however,  as  they  are  de¬ 
stroyed  at  different  temperatures,  and  show  other  variations 
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in  their  properties.  The  composition  of  the  amylases  is  of 
course  unknown,  but  they  have  been  much  studied.  They  may 
be  extracted  from  tissues  by  water  and  precipitated  with  mag¬ 
nesium  sulphate,  the  method  of  Lintner.  Ptyalin  itself  is  very 
difficult  to  isolate  and  purify.  Practically  all  amylase  prepara¬ 
tions  contain  phosphate.  It  is  likely  that  the  phosphate  is 
essential  to  the  action  of  the  enzyme.  As  stated  above,  ptyalin 
appears  to  contain  a  carbohydrate  gum,  the  prosthetic  group. 
Ptyalin  is  secreted  by  the  parotid  glands.  It  acts  best  at 
a  temperature  of  40°-45°  and  is  destroyed  by  heating  rap¬ 
idly  to  75°.  Ptyalin  acts  best  in  a  very  faintly  acid  solu¬ 
tion,  the  optimum  acidity  being  about  pH  =  6.  If  the 
acidity  is  sufficient  to  turn  congo  red  to  violet  (pH  =  4), 
the  action  of  ptyalin  is  inhibited.  It  will  act  also  in  a  weakly 
alkaline  solution.  The  presence  of  some  salt  favors  its  action. 
If  the  salt  is  removed  by  dialysis,  the  ptyalin  activity 
is  greatly  decreased,  and  the  addition  of  sodium  chloride 
will  restore  it.  Phosphates  also  have  a  favorable  effect  on  some 
of  the  amylases.  The  same  amylase,  in  the  presence  of  chlorides, 
may  act  best  at  a  pH  different  from  its  optimum  in  the  presence 
of  phosphates.  Some  salts  have  a  remarkable  inhibiting  effect 
on  ptyalin  action,  particularly  salts  of  the  heavy  metals.  The 
speed  of  ptyalin  action  is  retarded  also  by  the  end  products 
produced.  This  effect  cannot  be  due  simply  to  the  reversibility 
of  the  process,  however,  as  sugars  other  than  maltose  also  re¬ 
tard  ptyalin  action.  The  sugars  are  believed  to  combine  with 
the  ptyalin,  thereby  reducing  its  activity.  The  speed  of  diges¬ 
tion  by  ptyalin  is  proportional  to  the  amount  of  the  enzyme. 

Starch  is  attacked  by  ptyalin  and  broken  down  into  simpler 
substances.  The  physical  condition  of  the  starch  is  important, 
for  raw  starch  is  digested  only  with  difficulty,  whereas  cooked 
starch  is  digested  very  rapidly  and  completely  under  favorable 
conditions  of  temperature  and  acidity.  Various  products  are 
produced  in  the  breaking  up  of  starch,  first  the  dextrins,  of 
which  there  are  undoubtedly  several,  and  finally  maltose  and 
isomaltose.  The  progress  of  the  decomposition  may  be  followed 
by  testing  small  portions  of  the  liquid  with  iodine.  The  blue 
color  characteristic  of  starch  gives  place  to  a  purplish,  then  a 
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red  color,  and  finally  no  color  whatever  is  produced.  The 
products  corresponding  to  these  stages  are  as  follows: 

Color  with  Iodine 

Starch  -»  Amylodextrin  ->  Erythrodextrin  Achroodextrm 
blue  blue  red  (no  color) 

— » Maltose 
(no  color) 

Maltose  undoubtedly  is  split  off  even  in  the  first  stages  of  the 
process.  It  is  also  possible  to  follow  the  progress  of  the  reaction 
by  observing  the  time  required  for  the  clearing  of  an  opalescent 
starch  solution,  or  the  change  in  the  optical  activity  of  the 
starch  solution,  or  by  the  use  of  Mett’s  tubes  filled  with  starch. 
The  Mett  method  is  described  in  the  chapter  on  gastric  diges¬ 
tion. 

The  saliva  contains  also  small  amounts  of  an  enzyme  maftase, 
winch  breaks  up  some  of  the  maltose  into  glucose.  Perhaps,  as 
already  stated,  there  are  different  enzymes  which  are  responsible 
for  the  different  steps  of  the  decomposition  of  starch. 

Since  the  action  of  ptyalin  is  inhibited  by  concentrations  of 
acid  such  as  are  present  in  gastric  juice,  it  might  be  expected 
that  its  activity  would  last  only  during  the  brief  time  before 
the  food  enters  the  stomach.  It  has  been  shown,  however,  that 
when  a  meal  is  taken,  the  food  forms  a  bolus  or  mass  in  the 
stomach  and  does  not  become  thoroughly  mixed  with  the  acid 
gastric  juice  for  some  time,  perhaps  a  half  hour.  The  ptyalin 
thus  continues  to  act  under  these  conditions  for  some  time  after 
the  food  is  swallowed,  and  the  decomposition  of  starchy  ma¬ 
terials  may  be  considerable.  Ptyalin  is  not  found  in  the  saliva 
of  all  animals.  It  is  missing,  for  example,  in  the  saliva  of  the 
cat  and  the  wild  carnivora.  Their  natural  food  is  not  starchy 
in  character.  The  chief  function  of  the  ptyalin  of  the  saliva 
may  be  the  cleansing  of  the  teeth  by  converting  pasty  starches 
into  sugar  which  is  swallowed. 

The  saliva  contains  another  enzyme,  erepsin,  which  has  the 
power  of  splitting  peptides,  but  saliva  does  not  digest  proteins  or 
ats.  Certain  substances  are  excreted  in  the  saliva.  Potassium 
thiocyanate  is  present  in  small  traces,  but  is  not  known  to 
perform  any  definite  function.  If  a  capsule  containing  potas- 
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siurn  iodide  is  swallowed,  iodide  may  soon  be  demonstrated  in 
the  saliva.  It  is  taken  out  of  the  blood  and  excreted  by  the 
salivary  glands,  which  cannot  distinguish  between  iodide  and 
chloride.  Urea,  uric  acid  and  many  other  substances  have 
been  found  in  traces  in  the  saliva.  Perhaps  they  merely  filter 
through  from  the  blood. 

There  has  been  considerable  study  of  the  amounts  of  the 
nonprotein  constituents  of  the  saliva,  with  the  idea  of  corre¬ 
lating  variations  in  their  amounts  with  similar  changes  in  the 
blood ;  if  the  amounts  of  urea  and  uric  acid  in  saliva  reflected 
accurately  the  blood  picture,  saliva  might  be  analyzed  instead 
of  blood  where  blood-drawing  seemed  inadvisable.  Hensch  and 
Aldrich  report  that  salivary  urea  averages  80%  of  the  blood 
urea.  They  include  salivary  ammonia  in  the  figure  for  urea 
nitrogen,  as  it  is  generally  conceded  that  most  of  the  salivary 
ammonia  comes  from  decomposition  of  salivary  urea.  They 
recommend  salivary  urea  determination  when  the  drawing  of 
blood  is  not  feasible.  H.  W.  Schmitz  made  forty-five  prac¬ 
tically  simultaneous  analyses  of  blood  and  saliva  and  reports 
that  salivary  urea  averaged  89.4%  of  blood  urea.  His  figures 
are  thus  somewhat  higher  than  those  of  Hensch  and  Aldrich. 
Morris  and  Jersey  estimated  urea,  ammonia,  amino  nitrogen, 
creatinine  and  uric  acid  over  periods  as  long  as  twelve  hours 
at  half  hour  intervals.  They  report  material  and  variable 
differences  in  the  composition  of  saliva  from  resting  glands  and 
after  stimulation  by  chewing  paraffin  or  with  acetic  acid  or 
pilocarpine.  Stimulation  of  salivary  flow  by  the  above-men¬ 
tioned  methods  caused  very  irregular  increases  in  the  salivary 
constituents. 


Per  cent  Increase 
After  Acetic 
Paraffin 
Pilocarpine 


Volume 

NH,-N 

Urea 

Creatinine 

Uric  Acid 

429% 

722 

374 

118 

63 

560 

302 

200 

124 

71 

502 

249 

445 

171 

183 

From  these  figures  it  is  evident  that  saliva  for  quantitative 
analysis  should  be  collected  according  to  a  standard  procedure, 
and  figures  obtained  when  one  method  has  been  used  are  not 
comparable  to  those  obtained  by  any  other.  The  authors  sug¬ 
gest  that  the  acetic  acid  probably  acts  more  locally,,  and  the 
chewing  of  paraffin  on  the  general  process  of  filtration  from 
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the  blood,  while  pilocarpine  probably  has  still  a  different  effect, 
and  the  great  increase  in  the  amount  of  uric  acid  may  be  due 
to  an  effect  on  specific  gland  activity.  Extreme  changes  in 
diet  produced  no  definite  change  in  the  volume,  or  in  the 
amount  of  uric  acid  and  there  appeared  to  be  no  parallel  be¬ 
tween  the  excretion  of  uric  acid  in  the  saliva  and  conditions 
of  increased  elimination  of  uric  acid  by  the  kidneys.  The 
authors  suggest  that  uric  acid  may  be  a  measure  of  the  actual 
gland  metabolism.  These  samples  were  collected  by  placing 
a  1  inch  funnel  inside  the  lips  and  although  this  method  may 
have  served  well  to  collect  a  copious  flow  of  sali'va,  resting 
saliva  is  contaminated  by  a  larger  proportion  of  secretion  from 
small  glands  in  the  mouth.  Acid  in  the  mouth  increases  the 
alkali  reserve  of  the  saliva. 


CHAPTER  IX 

DIGESTION  IN  THE  STOMACH 

When  the  food  has  been  mixed  with  the  saliva  and  ground 
into  small  pieces  by  the  teeth,  it  is  swallowed  and  passed  down 
the  esophagus  into  the  stomach.  The  stomach  is  a  muscular 
organ,  which  is  collapsed  when  empty,  but  is  capable  of  being 
greatly  distended.  If  water  is  taken  alone,  it  quickly  runs 
through  the  stomach  along  the  lesser  curvature  into  the  intes¬ 
tine,  but  solid  food  collects  in  a  more  or  less  pasty  mass  in  the 
fundus.  It  remains  in  the  stomach  for  a  considerable  time  (1-5 
hours),  passing  on  little  by  little  as  it  is  thoroughly  mixed  with 
the  gastric  juice.  The  stomach  thus  serves  primarily  as  a  res¬ 
ervoir  into  which  considerable  amounts  of  food  may  be  taken 
at  a  time.  Since  its  walls  are  strong  and  muscular,  they  are  in 
no  danger  of  being  ruptured.  The  stomach  thus  stands  between 
the  more  delicately  constructed  intestine  and  the  mass  of  food 
taken  in  a  normal  meal,  and  passes  along  the  food  material  in 
small  amounts  so  as  not  to  overtax  the  capacity  of  the  intestine. 
However,  the  stomach  also  fulfills  important  digestive  functions. 

Methods  of  Study. — The  digestive  functions  of  the  stomach 
are  due  to  constituents  of  a  juice  secreted  by  numerous  small 
glands  scattered  in  the  stomach  wall.  The  study  of  this 
juice  and  its  activities  has  received  the  attention  of  scientific 
men  for  a  very  long  time.  One  of  the  chief  difficulties  was  the 
manner  of  obtaining  juice  for  study.  Spallanzani,  working  in 
the  latter  part  of  the  eighteenth  century,  swallowed  food  tied 
up  in  small  linen  bags  which  ultimately  were  passed  with  the 
feces.  By  studying  the  residues  in  the  bags,  the  effects  of  diges¬ 
tion  on  the  food  could  be  observed.  Another  method  consisted  in 
swallowing  a  sponge  tied  to  a  string.  The  sponge  soaked  up 
gastric  juice,  and  was  then  pulled  out.  Such  methods  were 
obviously  crude,  and  led  to  but  imperfect  results.  At  the  pres¬ 
ent  time,  to  study  gastric  contents  a  light  meal  is  given,  and 
after  a  time  the  stomach  content  is  evacuated  with  a  stomach 
tube.  This  material  consists  of  gastric  juice  mixed  with  food 
and  saliva  but  the  method  may  give  data  valuable  for  diag- 
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nosis.  Histamine  may  be  substituted  for  the  test  meal,  or  dilute 
alcohol  may  be  swallowed. 

The  first  successful  study  of  gastric  juice  and  the  condi¬ 
tions  causing  its  flow  were  made  possible  by  an  accident  which 
occurred  in  1822  on  the  Island  of  Mackinac.  Alexis  St.  Mar¬ 
tin,  a  Canadian  coureur  du  hois,  was  accidentally  shot  in  the 
abdomen.  The  bullet  passed  through  the  stomach,  and  when 


the  wound  healed,  a  passageway  was  left  from  the  stomach  to 
the  exterior.  St.  Martin  recovered  and  lived  for  a  long  time 
in  perfect  health.  He  came  under  the  care  of  Dr.  William 
Beaumont,  an  American  army  surgeon,  who  recognized  the 
exceptional  opportunity  to  study  the  problems  of  gastric  diges¬ 
tion,  and  made  a  long  series  of  careful  investigations.  Imitating 
eaumont  by  producing  artificial  openings  or  “fistulas”  into  the 
digestive  tract  of  dogs,  the  Russian,  Pavlov,  has  brought  the  tech- 
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nique  °f  the  method  to  its  highest  stage  of  perfection.  An  in¬ 
cision  was  made  into  the  stomach,  and  the  cut  sewed  up  in  such  a 
way  as  to  produce  a  small  pouch,  or  “little  stomach”  separated 
from  the  main  stomach  cavity,  but  still  supplied  with  blood  ves¬ 
sels  and  nerves.  From  this  pouch,  a  silver  tube  led  to  the  ex¬ 
terior.  If  gastric  juice  was  poured  out  into  the  small  pouch,  it 
could  be  drawn  off  to  the  exterior  and  its  composition  and  prop¬ 
erties  studied.  These  observations  made  on  dogs  have  been  sup¬ 
plemented  by  occasional  investigation  on  human  beings  when 
constriction  of  the  esophagus  or  other  causes  made  it  necessary 
lo  make  an  opening  into  the  stomach  from  the  exterior.  By  the 
use  of  such  methods  a  large  number  of  investigators  have  stud¬ 
ied  the  problems  of  gastric  secretion  and  digestion.  The  results 
of  these  studies  are  summarized  in  the  following  discussion. 

Causation  of  Flow  of  Gastric  Juice. — The  interior  of  the 
stomach,  when  no  food  is  present,  is  pale  pink  and  velvety  in 
appearance.  Gastric  juice  does  not  flow  continuously.  There 
are  two  factors  which  cause  a  flow  to  begin,  nerve  impulses 
and  chemical  stimulation  of  the  glands.  The  former  may  have 
two  origins,  psychic  or  reflex.  The  mere  thought  or  sight  of 
food  may  cause  a  flow  of  gastric  juice.  This  is  known  as  the 
psychic  or  appetite  secretion.  The  presence  of  food  in  the 
mouth  gives  rise  to  a  copious  flow  by  reflex  action.  The  flow 
produced  by  nervous  stimulation  is  large  in  amount,  and  con¬ 
tinues  for  some  time.  It  does  not,  however,  account  for  all  of 
the  gastric  juice  poured  out,  for  if  a  dog  is  allowed  to  swallow 
the  food  which  he  chews,  the  amount  of  juice  obtained  is  greater 
than  when  the  food  is  caused  to  drop  out  of  an  opening  made 
into  the  esophagus.  The  presence  of  the  food  in  -the  stomach 
thus  is  responsible  for  a  portion  of  the  secretion.  Some  investi¬ 
gators,  among  them  Beaumont,  have  reported  that  mere  mechan¬ 
ical  stimulation  of  the  stomach  walls  by  means  of  a  feather  or 
a  glass  rod  would  cause  secretion.  Pavlov  believes,  however, 
that  mechanical  stimulation  causes  no  flow.  The  secretion  re¬ 
sulting  from  the  presence  of  food  in  the  stomach  is  not  due  to 
reflex  nervous  impulses  acting  on  the  gastric  glands,  for  it  oc¬ 
curs  even  after  the  nervous  connections  of  the  stomach  have 
been  severed.  All  foods  will  not  cause  a  flow,  therefore  it  can¬ 
not  be  the  result  of  mechanical  stimulation.  It  is  evident  that  a 
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chemical  substance  must  be  involved  which  stimulates  the  gas¬ 
tric  glands  to  action.  Injecting  a  partially  digested  mixture  into 
the  blood  does  not  cause  a  flow.  From  this  and  other  evidence  it 
seems  possible  that  by  the  action  of  the  food  on  the  pyloric 
or  duodenal  mucous  membrane  a  substance  is  produced  which  is 
given  off  to  the  blood  stream.  When  this  substance,  to  which 
the  name  of  gastrin  has  been  given,  reaches  the  gastric  glands, 
it  incites  them  to  secrete  gastric  juice.  This  subject  is  further 
discussed  in  the  chapter  on  intestinal  digestion.  Some  foods, 
such  as  meat  broth,  produce  this  effect  directly.  Other  foods  do 
so  only  after  they  are  partly  digested.  This  chemical  secretion, 
though  smaller  in  amount  than  the  nervous  secretion,  persists  for 
a  much  longer  time.  Digestion  in  the  stomach  is  thus  started  by  a 
copious  flow  of  juice  incited  by  nervous  impulses,  either  psychic 
or  reflex.  The  process  is  continued  by  a  flow  which  is  incited 
by  the  presence  of  the  food  itself  in  the  stomach  by  means  of  a 
chemical  substance,  gastrin,  produced  in  the  mucous  mem¬ 
brane,  given  off  into  the  blood,  which  upon  reaching  the  gastric 
glands,  incites  them  to  secrete. 

The  amount  of  gastric  juice  secreted  varies  greatly.  It  is 
roughly  proportional  to  the  amount  of  food  eaten.  Dragstedt 
found  1  to  2.6  liters  a  day  in  the  dog  and  Carlson  700  c.c.  per 
meal  in  man. 


General  Character  of  the  Secretion. — The  character  and  com¬ 
position  of  the  gastric  juice  vary  with  the  nature  and  amount 
of  food  taken.  Perhaps  this  is  due  to  the  fact  that  all  of  the 
glands  producing  gastric  juice  may  not  be  secreting  all  the 
time.  The  juice  first  secreted  has  a  greater  digestive  activity 
than  that  secreted  later,  and  any  sudden  increase  in  the  amount 
of  flow  also  is  accompanied  by  increased  digestive  power.  The 
digestive  agents  apparently  accumulate  in  the  gland  cells  dur¬ 
ing  rest;  the  first  secretion  would  thus  be  more  active. 


Gastric  juice  from  dogs  or  man  is  a  clear,  watery  fluid,  and 
is  colorless  unless  mixed  with  bile  which  sometimes  gets  into 
the  stomach  through  the  pylorus.  The  specific  gravity  ranges 
from  1.002-1.0059.  It  contains  the  salts  which  are  found  in  the 
blood  serum,  £nd  some  organic  material.  Its  most  important 
constituents  are  hydrochloric  acid  and  the  enzymes  pepsin  and 
rennin.  Gastric  lipase  is  regurgitated  from  the  duodenum 
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(Boldyrev).  The  chief  digestive  activity  of  the  stomach  is  on 
proteins,  since  pepsin  and  rennin  both  act  on  that  group. 

Hydrochloric  Acid.— The  first  stage  of  the  digestion  of  pro¬ 
teins  in  the  stomach  consists  in  their  conversion  into  acid  meta- 
protein  by  the  action  of  the  hydrochloric  acid  present  in  the 
gastric  juice.  The  normality  of  H  ions  in  five  men  after  or¬ 
dinary  meals  is  shown  in  Fig.  30.  Variations  in  the  amount  of 
hydrochloric  acid  accompany  certain  pathological  conditions. 
For  these  reasons,  the  acid  of  the  gastric  juice  has  long  been  the 
subject  of  much  study.  The  free  hydrochloric  acid  is  that  which 
has  not  combined  with  protein  and  may  be  determined  as  fol¬ 
lows:  The  patient,  in  the  morning,  when  the  stomach  is 


Fig.  30. — Increase  in  H+  in  stomachs  of  five  men  after  normal  meals. 

(American  Journal  of  Physiology.) 

empty,  is  required  to  eat  a  “test  meal,”  or  is  injected  with 
1  mg.  of  histamine.  At  the  end  of  a  specified  time,  for  example 
forty-five  minutes  or  one  hour,  the  patient's  stomach  is  emptied 
with  a  Rehfuss  tube.  A  measured  amount  of  the  filtered 
stomach  contents  is  titrated  with  A/10  NaOH,  using  methyl 
orange  or  bromphenol  blue  as  indicator.  One  hundred  cubic 
centimeters  of  normal  gastric  contents  should  require  about 
40  to  74  c.c.  of  A/10  NaOH  to  neutralize  it.  The  accurate 
determination  of  hydrogen  ion  concentration  is  made  by  the 
gas  chain  method  or  by  means  of  the  Duboscq  colorimeter. 

Human  gastric  juice  contains  on  an  average  0.36%  HC1. 
(That  of  dogs  contains  about  0.6%  HC1.)  The  pH  =  about  1. 
As  the  pH  of  food  averages  about  4.7,  the  pH  of  gastric  con¬ 
tents  usually  varies  between  these  two  extremes. 
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The  contents  of  the  small  intestine  may  regurgitate  into  the 
stomach.  In  this  way  the  digestive  enzymes  of  the  intestine 
may  pass  into  the  stomach.  According  to  Boldjrev  legurgita- 
tion  regulates  the  pH  of  the  gastric  contents. 


a 


Mucous  portion- 


V 


.Serous  portion- 


b 


In  diseases  the  amount  of  hydrochloric  acid  may  vary  con- 
siderably.  A  condition  in  which  the  amount  is  abnormally  hiKh 
IS  spoken  of  as  hyperacidity.  In  this  case  the  acidity  is  no 
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higher  than  pure  gastric  juice.  It  is  due  to  spasm  of  the  py¬ 
lorus  which  prevents  the  acid  from  leaving  the  stomach.  This 
is  usually  observed  in  cases  of  gastric  ulcer  and  in  neurosis. 
Pure  gastric  juice  remaining  one  hour  in  contact  with  the  gastric 
mucosa  is  harmful.  If  the  acidity  is  below  normal,  it  is  spoken 
of  as  hypoacidity.  This  condition  is  often  observed  in  cases  of 
cancer  of  the  stomach  or  other  regions.  Sometimes  no  acid  at  all 
is  secreted.  This  condition  is  called  achlorhydria  or  achylia  and 
occurs  in  pernicious  anemia. 

Source  of  the  Hydrochloric  Acid. — The  hydrochloric  acid 
is  secreted  mainly  by  glands  in  the  fundus  end  of  the  stomach. 
It  is  not  stored  in  the  cells  previous  to  secretion,  and  probably 
is  not  even  secreted  directly  by  the  cells,  but  is  formed  from  a 
secreted  substance.  The  actual  mechanism  is  a  matter  of  doubt. 
Perhaps  it  is  secreted  as  an  ester,  or  is  formed  from  ammonium 
chloride  or  some  other  chlorine  compound.  The  source  of  the 
chlorine  is  evidently  the  sodium  chloride  of  the  blood. 

The  functions  of  the  hydrochloric  acid  are  various.  First, 
as  we  already  have  seen,  it  dissolves  the  proteins  of  the  food, 
converting  them  into  acid  metaprotein.  It  plays  an  important 
part  in  digestion  of  proteins  by  pepsin,  however  this  en¬ 
zyme  is  secreted  in  an  inactive  form,  and  becomes  active  only 
under  the  influence  of  the  hydrochloric  acid.  An  important 
phase  of  the  function  of  the  hydrochloric  acid  is  in  connection 
with  its  action  on  saccharose.  This  disaccharide  is  easily  hydro¬ 
lyzed  by  dilute  hydrochloric  acid,  and  it  is  evident  that  this 
process  takes  place  in  the  stomach.  The  hydrochloric  acid  also 
may  kill  bacteria  in  the  food,  and  thus  protects  the  body  from 
their  attack. 

Enzymes  of  the  Gastric  Juice. — Two  enzymes  are  secreted  in 
the  gastric  juice :  pepsin  and  rennin. 

Pepsin  is  formed  in  glands  of  the  stomach  wall,  particularly 
in  the  fundic  region  but  it  exists  there  probably  in  an  inactive 
orm  called  pepsinogen,  which  becomes  active  only  after  secre¬ 
tion.  Pepsinogen  is  stored  up  during  the  period  of  inactivity 
between  times  of  secretion.  The  transformation  of  pepsinogen 
into  pepsin  is  brought  about  by  the  hydrochloric  acid  of  the 
gastric  Juice.  Pepsin  is  a  protein.  Northrup  has  crystallized  it 
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Pepsin,  which  digests  proteins,  acts  only  in  acid  solution. 
For  pepsin  from  man,  the  most  favorable  acidity  is  about 
0.2%  hydrochloric  acid  or  a  pH  of  1.5.  At  a  pH  of  4  diges¬ 
tion  almost  stops.  The  most  favorable  acidity  for  pepsin  cor¬ 
responds  closely  with  the  normal  acidity  of  the  stomach 
of  the  animal  from  which  the  pepsin  is  obtained.  Other  acids 
may  be  used  in  place  of  hydrochloric.  Pepsin  is  very  sensitive 
even  to  slight  amounts  of  alkali,  and  is  rendered  inactive  if  its 
solution  is  made  alkaline.  If  the  acid  is  combined  with  the 
protein  acted  upon,  a  neutral  pepsin  solution  will  digest  the 
protein  quite  readily.  Hydrochloric  acid  alone  will  digest  pro¬ 
teins,  but  much  more  slowly  than  pepsin  and  acid  together. 

There  are  various  methods  for  estimating  the  activity  of  a 
pepsin  solution.  The  use  of  Mett’s  tubes  is  one  of  the  most 
satisfactory.  Egg  white  is  drawn  up  into  narrow  glass  tubes 
and  coagulated  by  heating.  The  tubes  then  are  cut  into  short 
lengths  (ca.  2  cm.)  and  suspended  in  the  enzyme  solutions.  The 
rate  of  digestion  is  doubled  by  a  rise  of  10°.  The  amount  of  diges¬ 
tion  of  egg  white  bears  a  relationship  to  the  digestive  power  of 
the  solution.  The  length  of  the  column  of  egg  white  digested 
is  proportional  to  the  square  root  of  the  amount  of  the  enzyme. 
The  products  produced  by  the  digestion  of  the  protein  inhibit 
the  digestive  action  of  the  pepsin,  so  the  method  is  not  an  ideal 
one,  but  it  is  useful  for  obtaining  comparative  data. 

Products  of  Peptic  Digestion. — Pepsin-hydrochloric  acid  at¬ 
tacks  the  proteins  and  breaks  them  up  into  fragments.  The  acid 
metaprotein  first  breaks  into  proteoses  of  varying  degrees  of 
complexity.  These  are  again  broken  into  products  which  are  not 
precipitated  by  saturation  with  ammonium  sulphate,  the  pep¬ 
tones.  It  is  probable  in  fact  that  peptones  are  produced  also 
directly  from  the  protein  molecule  in  the  first  stages  of  hydrol¬ 
ysis.  There  has  been  much  discussion  as  to  whether  or  not 
amino  acids  are  split  off  by  pepsin.  Weight  of  evidence  seems 
to  indicate  that  pepsin  does  not  split  off  amino  acids,  and  that 
the  presence  of  these  substances  in  mixtures  digested  by  an  ex¬ 
tract  of  the  stomach  wall  was  due  to  another  enzyme,  erepsin, 
from  the  crushed  cells,  or  to  still  other  agencies.  The  proteoses 
and  peptones  produced  by  the  action  of  pepsin  vary  greatly  in 
their  composition  and  properties,  as  might  well  be  expected  on 
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considering  the  extremely  complex  nature  of  the  protein  from 
which  they  are  produced.  Peptones  are  peptides. 

The  ultimate  fate  of  pepsin  is  a  matter  of  interest,  of  which 
little  is  known.  It  may  digest  protein  in  the  infant’s  duodenum. 

Rennin.— Gastric  juice,  or  the  water  extract  of  the  stomach 
mucosa  of  a  young  animal  contains  an  enzyme,  rennin,  which 
is  instrumental  in  clotting  milk.  For  this  clotting,  calcium  also 
is  necessary.  The  process  is  believed  to  consist  in  the  transforma¬ 
tion  of  the  soluble  protein  casein  into  a  derivative  called 
paracasein.  In  this  process  an  “albumose”  or  “whey  protein” 
is  split  off.  The  calcium  salt  of  casein  is  soluble,  but  that  of 
paracasein  is  insoluble.  When  rennin  has  transformed  the  ca¬ 
sein  into  paracasein,  the  calcium  salt  of  the  latter  precipitates, 
and  the  milk  is  said  to  be  clotted.  Removal  of  the  calcium  by 
precipitation  as  oxalate  will  prevent  clotting,  but  will  not  inter¬ 
fere  with  the  formation  of  paracasein.  When  this  has  been 
formed  by  the  action  of  rennin  in  oxalated  milk,  the  rennin  may 
be  destroyed  by  boiling.  Now,  on  adding  a  soluble  calcium  salt 
to  the  milk  it  will  coagulate,  showing  that  the  transformation  of 
casein  into  paracasein  has  taken  place  in  the  absence  of  cal¬ 
cium. 

Are  pepsin  and  rennin  identical?  Not  only  does  gastric  juice 
clot  milk,  but  extracts  of  a  very  large  number  of  substances  con¬ 
taining  proteolytic  enzymes  show  a  similar  behavior.  The  ques¬ 
tion  has  thus  arisen,  are  pepsin  and  rennin  identical,  or  are  they 
different  enzymes?  This  question  is  still  in  dispute.  The  trend 
of  evidence  seems  to  indicate,  however,  that  they  are  not  identi¬ 
cal.  Peptic  digestion  takes  place  only  in  acid  solution,  whereas 
rennin  will  act  also  in  neutral  or  weakly  alkaline  solution.  Pep¬ 
sin  itself  undoubtedly  can  clot  milk,  however. 

Casein  will  precipitate  (clot)  at  its  isoelectric  point,  ;;>H  = 
4.7,  without  the  need  of  any  enzyme,  but  it  will  redissolve  if 
more  HC1  is  added. 

The  stomach  wall  is  not  digested  by  the  gastric  juice  because 
the  diluted  hydrochloric  acid  and  pepsin  cannot  pass  into  the 
cells  of  the  mucous  membrane.  If  pure  gastric  juice  acts  for 
one  hour  or  after  death,  however,  or  if  the  blood  supply  to  a 
given  area  is  shut  off,  causing  local  necrosis,  the  walls  of  the 
stomach  are  attacked  and  digested. 
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Passage  of  the  Food  Into  the  Intestine. — The  food  is  carried 
along  the  stomach  by  waves  of  muscular  contraction.  The  en- 
tiance  from  the  stomach  into  the  small  intestine  is  guarded  by  a 
ring  of  contractile  tissue  which  is  closed  ordinarily.  The 
older  view  that  an  acid  reaction  on  the  stomach  or  duodenal 
side  controlled  the  opening  and  closing  of  this  ring,  which  is 
called  the  pylorus,  has  been  abandoned  in  the  light  of  later 
work.  It  has  been  shown  that  when  a  peristaltic  wave  of  mus¬ 
cular  contraction,  passing  over  the  stomach,  reaches  the  an¬ 
trum,  the  pylorus  relaxes  and  stomach  contents  is  passed  out 
into  the  small  intestine.  The  wave  of  contraction  passes  on 
over  the  antrum  to  the  pylorus,  which  then  closes.  The  reac¬ 
tion  of  the  stomach  contents  apparently  has  no  control  over 
the  opening  of  the  pylorus,  as  introducing  acid  into  the  antrum 
did  not  affect  the  response  of  the  pylorus  to  the  peristaltic 
wave,  and  the  introduction  of  acid  into  the  duodenum  did  not 
prevent  the  opening  of  the  sphincter.  Much  of  this  work  has 
been  done  by  Luckhardt,  Phillips  and  Carlson,  and  by  Wheelon 
and  Thomas. 

Gastric  digestion  does  not  complete  the  disintegration  of  the 
foodstuffs.  It  only  starts  the  process,  and  prepares  the  food  for 
further  digestion  by  the  enzymes  in  the  intestine.  In  fact  the 
stomach  may  be  removed  without  causing  death  for  some 
years.  In  such  case,  only  small  amounts  of  food  may  be  taken 
at  a  time,  and  its  character  must  be  carefully  regulated.  It 
seems  probable  that  a  peptide  found  in  gastric  digest  of 
meat  is  necessary  for  blood  building.  After  gastrectomy, 
anemia  may  result  and  in  pernicious  anemia  there  is  no  gastric 
digestion.  This  peptide  occurs  in  food,  particularly  liver. 
Pernicious  anemia  is  said  to  result  from  a  lack  of  an  intrinsic 
factor  in  normal  gastric  juice  or  liver  and  an  extrinsic  factor 
of  similar  distribution  to  vitamin  B  complex. 


CHAPTER  X 

DIGESTION  IN  THE  INTESTINE 

General. — Digestion  in  the  mouth  and  stomach,  although  val¬ 
uable  in  beginning  the  breaking  down  of  the  foodstuffs,  does  not 
fit  the  greater  part  of  the  food  for  utilization  by  the  body.  The 
final,  and  by  far  the  most  extensive  portion  of  the  task,  falls  to 
the  intestine. 

When  the  acid  chyme  passes  into  the  duodenum,  or  upper  part 
of  the  small  intestine,  it  becomes  mixed  with  alkaline  digestive 
juices.  Since  pepsin  is  very  sensitive  to  alkali,  when  this  occurs 
the  peptic  digestion  stops.  We  now  know,  however,  that  the 
contents  of  the  small  intestine  may  remain  acid  or  neutral  for 
some  time.  The  digestive  activity  of  pepsin  may  continue  in 
infants  after  the  chyme  has  left  the  stomach.  Although  the 
pH  of  intestinal  contents  varies  considerably,  in  the  duodenum, 
it  may  be  about  5,  and  further  down  about  6.5  in  man.  Pig.  33 
shows  a  method  of  taking  samples  of  intestinal  contents. 

There  are  three  important  digestive  juices  secreted  into  the 
intestine,  the  pancreatic  juice,  the  bile,  and  the  succus  entericus 
or  intestinal  juice.  The  methods  employed  in  studying  digestion 
in  the  intestine  are  in  the  main  similar  to  those  used  for  gastric 
digestion,  such  as  the  preparation  of  fistulas  or  openings  into 
the  intestine,  removal  of  duodenal  contents  by  means  of  a  tube 
passed  down  the  esophagus  and  through  the  stomach  and 
various  other  devices. 

Pancreatic  Juice 

General. — The  pancreatic  juice,  or  “external  secretion’ *  of 
the  pancreas,  is  produced  by  this  gland,  which  lies  along  the 
duodenum  or  close  to  it,  and  empties  its  secretion  by  two 
main  ducts  and  sometimes  also  smaller  ones.  The  opening 
of  the  pancreatic  duct  in  man  lies  9-10  cm.  below  the 
pylorus.  The  amount  of  juice  secreted  varies  with  the 
nature  of  the  food.  It  has  been  estimated  to  average  500-800 
c.c.  per  day.  The  secretion  is  continuous  in  herbivora,  whose 
intestines  normally  are  well  filled.  In  man,  however,  the  secre- 
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tion  is  intermittent,  and  it  is  poured  out  in  large  amount  when 
the  acid  chyme  is  passed  into  the  duodenum  from  the  stomach. 

Mechanism  of  Flow. — The  factors  causing  a  flow  of  pancreatic 
juice  have  been  much  studied.  It  became  evident  that  the  action 
of  the  acid  chyme  on  the  walls  of  the  duodenum  causes  a  copious 
flow.  After  severing  the  nervous  connections  of  the  pancreas, 


Fig.  33. — Roentgenogram  of  7  foot  tube  in  jejunum.  The  oval l in, 
right  is  a  6  gram  iron  weight  that  was  attached  to  the  tube  with  30  day 
catgut  but  has  been  digested  off. 


the  introduction  of  acid  into  the  duodenum  still  causes  a  flow 
of  juice.  Apparently  it  is  not  caused  by  reflex  nervous  stimula¬ 
tion  alone.  It  was  thought  that  perhaps  the  stimulation  is  due 
to  a  local  reflex,  but  Bayliss  and  Starling  showed  that  an  acid 
extract  of  the  walls  of  the  duodenum,  if  neutralized  and  injected 
into  the  blood  stream  causes  the  pancreas  to  secrete.  Apparently 
then,  the  action  of  the  acid  chyme  on  the  walls  of  the  duodenum 
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causes  a  substance  to  be  given  off  into  the  blood  stream.  This 
substance,  when  it  reaches  the  pancreas,  causes  it  to.  secrete. 
The  substance  has  been  given  the  name  secretin.  Substances 
of  this  nature  undoubtedly  are  formed  by  many  tissues  or 
organs  in  the  body  and  sent  off  by  way  of  the  blood  as  chemical 
messengers  to  arouse  activity  in  some  other  organ  or  tissue.  To 
these  substances  the  name  hormone  (derived  from  a  Greek  word 
meaning  “I  arouse  to  activity”)  has  been  given.  An  example  of 
such  a  substance  already  has  been  cited  in  connection  with  gas¬ 
tric  secretion.  The  final  proof  of  the  existence  of  intestinal 
secretin  wast  obtained  by  making  a  cross  circulation  between 
two  dogs  so  that  blood  from  one  also  circulated  in  the  other. 
Acid  was  placed  in  the  duodenum  of  one  dog,  and  the  pancreases 
of  both  began  to  secrete,  showing  that  the  stimulating  substance 
had  been  carried  in  the  blood. 


Composition  of  Pancreatic  Juice. — Human  pancreatic  juice  is 
a  water-clear  liquid,  alkaline  in  reaction  since  it  contains  sodium 
bicarbonate.  It  requires  from  10-15  c.c.  A/10  HC1  to  neutralize 
100  c.c.  of  juice,  using  litmus  as  indicator.  It  contains  protein 
in  quantities  sufficient  to  cause  a  turbidity  on  boiling,  and  several 
enzymes,  chiefly  trypsin,  lipase,  amylase,  nuclease,  maltase  and, 
at  least  in  young  animals,  a  lactase. 

Trypsin.  Trypsin  is  a  proteolytic  enzyme.  When  secreted 
y  the  gland  11  has  very  digestive  action,  but  if  pancreatic 
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juice  is  mixed  with  the  secretion  of  the  walls  of  the  small  intes¬ 
tine,  it  becomes  very  much  more  active,  and  digests  proteins 
vigorously.  This  fact  is  generally  believed  to  indicate  that  tryp¬ 
sin  is  secreted  in  an  inactive  form,  called  trypsinogen,  which 
then  combines  with  a  substance,  enterokinase,  forming  active 
trypsin  or  trypsin-kinase.  According  to  Waldschmidt-Leitz, 
enterokinase  is  a  proteolytic  enzyme  but  trypsin-kinase  is  a 
more  active  one.  Some  authors  report  also  that  the  bile  has 
a  favorable  action  on  tryptic  digestion.  Northrup  crystallized 
trypsinogen  and  found  that  it  autocatalytically  transformed 
into  trypsin.  Chymotrypsinogen  is  changed  by  trypsin  into 
chymotrypsin. 

There  is  some  difference  of  opinion  as  to  the  most  favorable 
reaction  for  tryptic  digestion,  which  is  usually  stated  to  be  a 
slightly  alkaline  reaction;  but  this  varies  according  to  the  pro¬ 
tein  which  is  being  digested.  The  optimum  pH  for  the  diges¬ 
tion  of  gelatin  is  9.7,  of  fibrin  8,  and  of  casein  6.  The  reac¬ 
tion  of  the  duodenal  contents  varies,  in  fact,  being  usually  acid. 

Activated  trypsin  attacks  most  proteins  very  vigorously, 
breaking  them  down  into  proteoses,  peptones,  peptides  and  even 
amino  acids.  The  digestion  is  by  no  means  complete,  however, 
and  there  still  are  many  of  the  partially  digested  products.  The 
digestion  is  more  vigorous  and  far  reaching  than  that  of  pepsin, 
and  differs  from  it  also  in  the  fact  that  it  will  take  place  in 
neutral  solution.  The  previous  action  of  pepsin  on  certain  pro¬ 
teins  appears  to  make  them  more  vulnerable  to  the  attack  of 
trypsin. 

The  activity  of  a  trypsin  solution  may  be  studied  by  methods 
similar  to  those  used  for  studying  peptic  activity,  e.g.,  Mett’s 
method. 

Pancreatic  juice  contains  an  erepsinlike  enzyme,  which  acts 
mainly  on  the  simpler  digestion  products,  proteoses,  peptones 
and  peptides,  breaking  them  down  into  amino  acids.  Erep- 
sin  acts  on  some  proteins,  such  as  casein.  An  erepsm  is  pres¬ 
ent  in  the  intestinal  mucosa,  intestinal  juice,  or  “succus  enter- 
icus,  ”  and  in  fact  in  most  tissues.  Erepsin  is  a  mixture  of 
polypeptidases  and  dipeptidases  and  reduces  most  of  the  pro¬ 
tein  digestive  products  to  the  amino  acid  stage,  the  form  in 
which  they  enter  the  blood. 
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Jl  is  interesting  thut  the  kind  of  amino  acids  present  and  their 
arrangement  are  important  factors  in  determining  whether  or 
not  a  given  polypeptide  will  be  digested  by  erepsin. 

Rennin. — Pancreatic  juice  has  the  power  of  clotting  milk,  a 
“rennin”  action.  This  is  thought  by  some  authors  to  be  due  to 
the  pancreatic  erepsin. 

Action  on  Fats — Steapsin. — Pancreatic  juice  has  the  power 
of  splitting  fats.  If  mixed  with  neutral  olive  oil,  the  mix¬ 
ture  quickly  becomes  acid.  An  enzyme  called  “steapsin/’ 
a  lipase,  splits  the  neutral  fat  into  glycerol  and  fatty  acids. 
Steapsin  is  believed  to  be  produced  by  the  cells  of  the  pan¬ 
creas.  It  is  by  far  the  most  important  of  the  fat  digest¬ 
ing  enzymes.  It  acts  best  in  a  weakly  alkaline  solution,  the 
optimum  hydrogen-ion  concentration  being  pH  =  8.  In 
stronger  alkali,  or  in  weak  acid  solution  its  activity  is  greatly 
reduced.  Bile  has  a  very  favorable  effect  upon  the  activity  of 
steapsin.  This  is  partly  due  to  the  fact  that  bile  emulsifies  the 
fats  and  thus  makes  them  more  accessible  to  the  action  of 
steapsin,  but  this  does  not  entirely  explain  the  favorable  effect 
of  bile.  The  bile  salts  evidently  are  the  bile  constituents  con¬ 
cerned. 


Action  on  Starches — Amylase  or  “Amylopsin.” — The  pan¬ 
creatic  juice  contains  an  enzyme  “amylopsin”  which  acts  on 
starch  and  glycogen,  splitting  them  into  the  dextrins  and  finally 
maltose  and  isomaltose  in  much  the  same  way  as  the  ptyalin  of 
saliva  splits  starch.  Starches  which  escape  salivary  digestion,  or 
starch  and  glycogen  eaten  by  carnivora  whose  saliva  contains  no 
ptjalin  are  thus  digested  in  the  intestine.  It  has  been  suggested 
that  perhaps  amylopsin  is  really  a  mixture  of  two  or  more 
enzymes,  which  are  responsible  for  different  phases  of  the  split¬ 
ting  of  starch  into  the  disaccharide  maltose,  one  enzyme  taking 
the  material  as  far  as  the  dextrin  stage,  the  other  converting  dex- 
tnns  into  maltose  and  isomaltose.  The  bile  seems  to  have  little 
or  no  effect  upon  the  activities  of  amylopsin.  The  final  stage  of 
ie  digestion  of  starch  is  due  to  an  enzyme  maltase  which  splits 
maltose  into  glucose.  Pancreatic  juice  of  young  animals  con- 
tams  a  lactase  which  splits  lactose.  This  disappears  as  the 
animal  grows  older  unless  milk  still  forms  a  part  of  the  diet  as 
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in  man,  pigs,  and  some  other  animals.  Pancreatic  juice  has 
been  reported  to  contain  a  nuclease  which  acts  on  nucleic  acid, 
and  splits  it  into  its  component  parts. 

The  Bile 

Causes  of  Flow.  Amount.— The  bile,  secreted  by  the  liver 
mto  the  gall  bladder  is  poured  out  into  the  duodenum  by 
way  of  the  bile  duct.  It  is  produced  continuously  by  the 
liver,  but  its  flow  from  the  gall  bladder  into  the  duodenum  is 
intermittent.  The  mechanism  by  which  the  secretion  of  bile  into 
the  digestive  tract  is  controlled  is  by  cholecystokinin :  The  action 
of  the  acid  chyme  upon  the  walls  of  the  duodenum  seems  to  be 
one  of  the  factors  concerned  in  the  release  of  this  hormone. 

The  amount  of  bile  secreted  by  the  liver  of  man  in  the  course 
of  a  day  has  not  been  determined  accurately  under  normal  con¬ 
ditions.  Five  hundred  and  fifty  c.c.  per  day  has  been  sug¬ 
gested  as  a  possible  amount.  It  may  be  less  than  this,  but  in 
all  probability  the  amount  is  greater.  Observations  on  this 
point  have  been  made  in  cases  of  fistulas.  But  bile  itself,  when 
it  enters  the  intestine,  is  said  to  increase  the  bile  secretion.  The 
point  is  thus  still  uncertain. 

Composition.  Function. — Human  bile  is  a  clear,  watery,  yel¬ 
low  liquid  as  it  is  poured  into  the  gall  bladder.  Here, 
however,  it  becomes  somewhat  more  viscous,  due  in  part 
at  least  to  the  addition  to  it  of  mucinous  material  from  the 
mucous  membrane  of  the  gall  bladder  and  biliar}7  passages.  Bile 
has  a  bitter  taste,  is  usually  nearly  neutral  in  reaction  and 
contains  a  variety  of  substances,  among  them  bile  pigments,  bile 
salts,  cholesterol,  a  mucinous  material,  inorganic  substances  and 
many  other  things.  Although  the  bile  itself  does  not  contain 
digestive  enzymes,  at  least  in  any  important  amount,  it  is  of  the 
greatest  importance  in  the  processes  of  intestinal  digestion.  This 
is  especially  true  in  the  case  of  fat  digestion.  The  addition  of 
bile  to  a  mixture  of  olive  oil  and  pancreatic  juice  increases  the 
amount  of  oil  digested  (5-10  times)  due  to  the  action  of  the 
bile  salts,  sodium  glycocholate  and  taurocholate.  There  are 
conflicting  reports  as  to  the  effect  of  bile  on  the  action  of 
trypsin  and  amylase,  but  probably  the  former  is  not  affected,  and 
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the  latter  slightly  if  at  all.  The  function  of  the  bile  in  connec¬ 
tion  with  absorption  will  be  discussed  later. 

Bile  tends  to  reduce  putrefaction  in  the  intestine  and  probably 
this  effect  is  due  to  its  power  of  increasing  digestion  and  stimu¬ 
lating  the  muscular  movements  of  the  alimentary  canal,  thus 
hurrying  the  food  in  its  passage  through  this  region. 

Bile  serves  as  an  excretory  medium  for  certain  substances, 
among  them  cholesterol,  the  bile  pigments  and  other  materials. 

Bile  Pigments. — The  bile  contains  a  variety  of  colored  com¬ 
pounds,  the  bile  pigments.  Bilirubin,  a  reddish  brown  pigment 
is  probably  the  mother  substance  of  most  of  the  others.  On 
oxidation  it  yields  biliverdin.  (green),  bilicyanin,  and  other 
compounds.  On  reduction  it  yields  urobilin,  one  of  the  urinary 
pigments.  The  bile  pigments  are  formed  by  the  breaking  down 
of  hemoglobin  of  the  blood.  In  their  constitution  they  closely 
resemble  other  known  derivatives  of  hemoglobin.  They  contain 
no  iron.  Transformation  of  hemoglobin  into  bile  pigments 
takes  place  wherever  blood  is  destroyed  as  in  the  case  of  a  “black 


Bile  Salts. — The  bile  salts,  which  are  largely  responsible  for 
the  favorable  action  of  bile  in  digestion  and  absorption  of  fats, 
are  mainly  salts  of  glycocholic  and  taurocholic  acids,  two  con¬ 
jugated  acids  made  up  of  cholic  acid  and  glycine  or  taurine, 
respectively.  Cholic  acid  (Fig.  7)  is  a  specific  product  of  liver 
cells  and  is  formed  nowhere  else  in  the  body.  Bile  salts  if  mixed 
with  a  little  furfural  and  brought  into  contact  with  concentrated 


sulphuric  acid  give  a  red  color.  This  is  known  as  Petten- 
kofer  s  test  for  bile  salts,  but  it  is  not  specific.  A  quantitative 
method  of  determination  of  bile  salts  in  bile  has  been  devel¬ 
oped  by  Gregory  and  Pascoe  (blue  color). 

Bile  contains  small  amounts  of  sodium  soaps  of  various  acids. 
Bile  from  the  gall  bladder  contains  a  mucinous  substance  which 
is  perhaps  largely  a  phosphoprotein.  The  nature  of  this  sub¬ 
stance  is  not  definitely  known. 

At  times  concretions  known  as  “gall  stones”  form  in  the  gall 

orVl^  •  The>  aie  COmposed  of  cholesterol,  inorganic  material 
or  bile  pigment  deposited  from  the  bile. 
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Intestinal  Secretion 

Ihe  third  of  the  important  digestive  fluids  poured  into  the 
intestine  is  called  the  intestinal  juice  or  succus  entericus. 
The  juice  secreted  into  the  duodenum  is  poured  out  by  small 
glands  in  the  mucous  membrane,  the  glands  of  Brun¬ 
ner  and  that  in  the  rest  of  the  small  intestine  by  the  glands  of 
Lieberkuhn.  Little  is  known  of  the  mechanism  by  which  these 
glands  are  made  to  secrete.  They  are  stimulated  to  activity  when 
the  acid  chyme  passes  the  pylorus.  The  amount  of  juice  secreted 
has  not  been  definitely  determined,  but  it  is  probably  large.  The 
juice  is  somewhat  alkaline,  due  to  the  presence  of  bicarbonates, 
and  thus  has  an  important  part  to  play  in  neutralizing  the  acid 
chyme.  This  is  by  no  means  the  only  role  of  the  intestinal  juice, 
however,  for  it  contains  substances  of  the  greatest  importance  in 
intestinal  digestion.  It  contains  enterokinase  which  greatly 
increases  the  action  of  pancreatic  juice  on  protein.  This  is 
usually  believed  to  be  due  to  activation  of  the  inactive  trypsino- 
gen,  by  conversion  into  trypsin.  Enterokinase  may  be  extracted 
from  the  intestinal  mucosa  from  almost  the  entire  length  of  the 
intestine  to  the  rectum,  but  it  is  present  in  largest  amount  in 
the  upper  regions  of  the  small  intestine.  Enterokinase  is  itself 
probably  a  proteolytic  enzyme  (Waldschmidt-Leitz). 

Erepsin. — A  second  enzyme  found  in  the  intestinal  secretion 
is  erepsin.  This  enzyme  is  important,  for  it  is  responsible  for 
the  last  stage  in  the  digestion  of  proteins.  Erepsin  does  not  act 
on  proteins  themselves,  with  one  or  two  exceptions,  e.g.,  casein, 
but  on  the  intermediate  digestion  products,  peptones  (poly¬ 
peptides),  which  it  reduces  to  amino  acids,  the  final  digestion 
products  of  the  proteins.  Erepsin  acts  best  in  weak  alkaline 
solution,  and  is  a  mixture  of  polypeptidases  and  dipeptidases. 

Other  Enzymes. — Three  enzymes  which  have  the  power  ol 
splitting  disaccharides  also  are  present  in  the  intestinal  juice, 
maltase,  which  splits  maltose ;  lactase,  which  splits  lactose,  and 
is  found  in  the  intestinal  juice  of  young  mammals  and  in  adults 
of  animals  which  take  milk  in  their  diet ;  and  invertase,  which 
splits  cane  sugar. 

The  intestinal  juice  also  contains  a  nuclease,  which  splits  the 
nucleic  acids  of  the  nucleoproteins. 
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Excretory  Function  of  Intestinal  Secretion— Aside  from  the 
digestive  enzymes,  the  intestinal  juice  carries  various  substances 
into  the  intestine  which  are  thrown  out  of  the  blood  as  undesir¬ 
able,  or  waste  materials.  It  thus  serves  in  the  capacity  of  an 
excretion  as  well  as  a  secretion.  Fifty  to  eighty  per  cent  of  the 
calcium  excretion  occurs  in  the  small  intestine  and  none  in  the 
large  intestine. 

From  the  walls  of  the  large  intestine  a  secretion  is  poured 
into  the  intestinal  cavity.  This  contains  mucus  as  its  chief  con¬ 
stituent,  and  appears  to  contain  no  enzymes  of  digestive 
importance. 

Bacterial  Action  in  the  Intestine. — The  intestine  shelters  and 
favors  the  growth  of  enormous  numbers  of  bacteria,  which  feed 
upon  the  substances  of  the  intestinal  contents.  From  these 
materials,  bacteria  produce  a  large  number  of  compounds.  By 
splitting  out  COO  from  the  carboxyl  group  of  an  amino  acid 
an  amine  is  produced.  These  substances  are  known  as  pto¬ 
maines;  many  are  extremely  toxic  when  injected  intravenously 
or  subcutaneously,  but  ten  times  the  lethal  dose  may  be  taken 
by  mouth  with  impunity.  An  example  of  this  process  is  the 
formation  of  ethyl  amine  from  the  amino  acid,  alanine. 

CH3CHNH2COOH— »C02+CH3CH2NH2 

From  tyrosine,  by  splitting  off  the  side  chain,  a  process  which 
goes  in  several  stages,  phenol  is  produced 
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From  tryptophan,  indole  is  produced  and  excreted  as  in¬ 
doxyl  sulphuric  acid.  This  may  be  determined  in  the  urine  by 
changing  indoxyl  sulphuric  acid  to  indigo  blue. 
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From  histidine,  histamine  is  formed. 
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From  cystine  and  cysteine,  hydrogen  sulphide  and  mercaptans 
are  produced. 

Many  of  the  products  of  bacterial  action  are  not  harmful.  It 
is  even  possible  that  bacteria  may  in  some  ways  be  of  service  to 
the  organism,  as  in  attacking  and  breaking  down  indigestible 
substances,  and  producing  from  them  materials  which  can  be 
utilized  by  the  body. 

Putrefaction  is  greatly  favored  by  an  alkaline  reaction.  Car¬ 
bohydrate  fermentation  in  the  intestine  will  greatly  reduce 
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Fig'.  35. — The  normal  stool.  (E.  L.  Gardner.) 
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putrefaction  of  proteins.  Carbohydrates  that  are  not  digested 
by  the  digestive  enzymes  (i.e.  cellulose,  inulin,  agar,  gum  ara- 
bic,  pectin)  remain  in  the  gut  longest  for  the  action  of  bac¬ 
teria,  but  digestible  carbohydrates  also,  are  fermented  while  in 
the  gut.  The  main  products  of  carbohydrate  fermentation  are 
lactic  and  acetic  acids  which  are  absorbed  and  used  as  food. 


Fig.  38. — The  constipated  stool.  (E.  L.  Gardner.) 


Feces  (Figs.  35-38). — In  every  mixed  meal  there  is  some  ma¬ 
terial  which  is  indigestible  and  will  not  be  completely  fermented 
by  bacteria.  Keratin  and  part  of  the  cellulose  are  examples  of 
such  substances.  This  material  remains  in  the  intestine  and 
forms  a  part  of  the  solid  excreta,  or  feces.  In  addition,  the  feces 
contain  enormous  numbers  of  dead  bacteria.  Between  one-half 
and  one-fourth  of  the  solid  matter  of  the  feces  consists  of  dead 
bacteria.  The  feces  contain  mucin  and  the  waste  material  of  the 
cells  of  the  intestinal  mucosa,  and  the  residues  of  the  digestive 
secretions  and  varying  amounts  of  soaps,  chiefly  of  calcium,  mag¬ 
nesium,  and  coprosterol.  The  total  amount  of  solids  excreted  in 
the  feces  per  day  averages  15-25  grams.  This  amount  may  vary 
much  with  the  nature  of  the  food.  The  feces  are  colored  chiefly 
by  derivatives  of  the  bile  pigments,  but  bile  pigments  themselves 
do  not  occur  here  ordinarily.  The  color  is  light  yellow  if  the 
feces  are  bulky  or  dark  brown  if  the  feces  are  of  small  quantity. 
If  the  flow  of  bile  into  the  intestine  is  inhibited,  the  feces  are 
gray,  due  to  the  presence  of  fat  and  the  absence  of  pigments. 
Many  drugs  color  the  feces  black,  green  or  }  el  low . 


CHAPTER  XI 
ABSORPTION 


General. — In  the  preceding  chapters  we  have  followed  the 
disintegration  of  the  various  foodstuffs  in  the  different  regions 
of  the  alimentary  canal.  By  the  combined  or  successive  action 
of  the  digestive  enzymes  and  other  agents  the  widely  varying 
carbohydrates,  fats  and  proteins  of  the  food  are  broken  down 
into  their  simple  building  stones,  monosaccharides,  fatty  acids 
and  glycerol,  and  amino  acids.  Thus  from  the  complex  foods 
a  mixture  of  simple  substances  is  obtained.  This  mixture  may 
vary  from  time  to  time  in  the  relative  amounts  of  the  different 
building  stones  it  contains,  but  the  kinds  of  material  it  contains 
are  fairly  uniform.  In  a  strict  sense,  however,  the  digestion 
products  are  not  yet  in  the  body.  The  alimentary  canal  is  nothing 
more  or  less  than  a  tube  or  corridor  which  passes  through  the 
body.  Through  this  corridor  a  great  variety  of  materials  is 
made  to  pass.  These  materials  are  hydrolyzed,  and  the  result¬ 
ing  simpler  substances  pass  through  the  walls  of  the  alimentary 
canal  into  the  blood  or  lymphatics.  This  process  is  called  ab¬ 
sorption.  As  a  matter  of  fact  it  has  been  much  debated  whether 
absorption  is  merely  a  physical  diffusion  of  material  through 
the  walls  of  the  alimentary  tract,  or  whether  it  involves  the 
activities  of  the  cells  making  up  the  intestinal  walls.  Un¬ 
doubtedly  both  of  these  factors  come  into  play. 

Practically  no  absorption  takes  place  in  the  mouth,  and  but 
itt  e  m  the  stomach.  There  is  some  evidence  that  salts,  mono¬ 
saccharides,  and  certain  other  substances  may  be  absorbed  to 
some  extent  from  the  stomach  if  they  are  present  in  high  con¬ 
centration,  but  this  is  of  importance  only  for  alcohol. 

The  largest  part  of  the  absorption  takes  place  in  the  small 
testme.  The  surface  area  of  the  intestine  is  greatly  increased 

eavitv  Of  tf  P1;03e.Ctl0DS-  calIed  villi>  which  extend  into  the 
avtty  of  the  mtestme.  The  villi  are  supplied  with  blood  ves- 

ac  eal  o'rT’  T  f  a"d  Veins>  and  eaeh  contains  also  a 
acteal  or  lymph  vessel.  The  walls  of  the  villi  are  very  thin 

'.a  on  y  a  thin  membrane  separates  the  food  in  the  intestinal 
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contents  from  the  capillaries  and  lacteals.  The  cells  of  this 
membrane  are  alive,  and  whereas  simple  processes  of  diffusion 
probably  account  for  most  of  the  absorption  of  food,  the 
living  cells  of  the  intestinal  wall  undoubtedly  influence  the 
process  by  taking  up  particular  substances  and  passing  them,  or 
products  made  from  them,  on  into  the  blood  in  the  capillaries 
or  into  the  lymph  in  the  lacteals. 


Pig.  39. — one  of  the  intestinal  villi  to  show  tne  m< 
sorption  of  digested  food.  The  artery  is  black,  the  1 
and  the  lymphatic  vessel  (lacteal)  is  lightly  stippled. 


Absorption  of  Proteins. — Proteins  are  absorbed  largely  in  the 
form  of  amino  acids.  A  portion  of  these  are  passed  directly  into 
the  blood  of  the  capillaries  and  thus  enter  the  blood  stream  by 
which  they  are  carried  to  the  different  tissues  and  cells.  Amino 
acids  are  partly  deaminized,  that  is,  lose  their  amino  groups  in 
their  passage  through  the  liver.  The  residue  left  after  split¬ 
ting  off  the  amino  group  is  burned  by  the  cells  of  the  body  as 
fuel,  or  used  to  build  up  glycogen  in  the  liver.  Amino 
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acids  have  been  obtained  from  the  blood  or  shown  to  be  there 
by  various  methods,  so  that  there  is  no  longer  doubt  that  this 
is  a  form  in  which  the  proteins  of  the  food  reach  the  cells. 
This  subject  was  long  in  dispute,  for  the  amount  of  amino 
acids  in  the  blood  at  any  one  time  is  so  small  that  only  recently 
has  it  been  possible  to  prove  that  they  are  there  at  all.  Recent 
work  has  demonstrated,  however,  that  the  blood  contains  a 
small  quantity  of  peptides,  so  that  it  is  probable  that  some  of 
the  digested  protein  is  absorbed  in  this  form. 

Normal  fasting  blood  contains  about  6-8  mg.  amino  nitrogen 
per  100  c.c. 

Carbohydrate  Absorption. — The  monosaccharides,  glucose, 
fructose  and  galactose,  produced  by  the  digestion  of  the  carbohy¬ 
drates  are  believed  to  pass  into  the  blood  of  the  capillaries  with 
the  aid  of  phosphorylase.  Glucose  is  found  regularly  in  the  blood 
to  the  extent  of  0.08-0.12%.  The  liver  takes  up  monosaccharides 
and  builds  them  into  glycogen,  which  serves  as  a  reserve  store  of 
fuel.  Glycogen  is  stored  also  in  the  muscles. 


At  times,  if  excessive  amounts  of  maltose,  lactose,  or  cane 
sugar  are  taken,  these  sugars  may  get  into  the  blood.  The  mal¬ 
tose  will  be  split  and  utilized  at  least  in  part,  as  the  blood  con¬ 
tains  a  maltase.  Blood  appears  to  contain  little  or  no  lactase 
or  invertase,  however,  so  that  lactose  or  cane  sugar  which  gets 
into  the  blood  is  excreted  in  the  urine. 

Absorption  of  Fats.— Fats  are  absorbed  in  the  form  of  fatty 
acids..  These  are  recombined  with  glycerol  in  the  cells  of  the 
intestinal  wall,  and  pass  into  the  lacteals  as  neutral  fat. 

In  the  absorption  of  fats  the  bile  plays  an  important  part. 
If  bile  is  excluded  from  the  intestine,  the  absorption  of  fats 
practically  ceases.  Large  amounts  of  fatty  acids,  soaps,  and 
some  fat  appear  in  the  feces,  indicating  that  the  fatty  acids 
are  absorbed  very  slightly  in  the  absence  of  bile.  Bile  aids  in 

;t:tr°Trs,by  its  power  °f  adds. 

If  the  a‘ty,aC1fS  d!fsolved  by  the  bile  salts  pass  into  the  cells 

and  the  fatt  7  GlyCer°'  a'S°  iS  absorbed>  from  this 

and  the  fatty  acids,  neutral  fat  is  constructed.  This  passes  for 

the  most  part  into  the  lacteals,  thence  along  the  lymphatTcs  and 

mto  the  thoracic  duct  whence  it  is  poured  into  the  blood  stream 

the  junction  of  the  jugular  and  subclavian  veins.  The  bile 
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salts  which  have  entered  the  blood  with  the  fatty  acids  are 
picked  out  of  the  blood  by  the  liver  and  returned  to  the  bile. 

During  digestion,  white  corpuscles  are  known  to  gather  in 
large  numbers  in  the  neighborhood  of  the  intestine.  Perhaps 
they  are  concerned  in  some  way  in  taking  care  of  the  absorbed 
foodstuffs,  but  their  role  is  as  yet  a  matter  of  uncertainty. 

Most  of  the  absorption  of  digestive  products  takes  place  in  the 
small  intestine,  so  that  little  useful  material  is  left  by  the  time 
the  digested  food  reaches  the  large  intestine.  In  this  region, 
however,  there  is  a  large  absorption  of  water  so  that  this  valu¬ 
able  liquid  is  not  wasted  by  excretion  with  the  feces. 


CHAPTER  XII 
URINE 


General. — In  the  process  of  wear  and  tear  waste  products 
are  formed.  For  the  maintenance  of  body  temperature  and  the 
performance  of  mechanical  work,  substances  are  constant!}7 
being  “burned”  or  oxidized  in  the  body,  both  substances  from 
the  food,  or  from  the  organic  reserves  of  the  tissues  themselves. 
The  body  must  dispose  of  waste  material.  This  is  accomplished 
by  way  of  the  various  excretions,  through  skin,  lungs  and 
kidneys,  and  in  the  feces. 

The  skin  excretes  water  and  salts,  chiefly  NaCl  and  KC1,  and 
about  a  gram  of  nitrogen  per  day  in  various  compounds.  From 
the  lungs  much  water  and  carbon  dioxide  are  given  off.  The 
feces  contain  1-2  grams  of  nitrogen  per  day. 

Most  of  the  nitrogen  excreted  is  given  off  in  the  urine  how¬ 
ever,  and  hence  this  excretion  attracts  especial  interest ;  a  study 
of  the  amounts  and  variations  in  the  nitrogen  elimination  often 
will  give  valuable  information  as  to  what  is  going  on  in  the  body 
itself.  This  is  not  confined  entirely  to  nitrogen  compounds,  for 
the  urine  contains  various  other  substances  of  interest.  Occa¬ 
sionally  also,  abnormal  constituents  appear,  and  by  their  pres¬ 
ence  01  amount  give  information  which  is  of  great  value  to  the 
physician.  Urine  may  contain  100  times  as  much  creatinine, 
60  times  as  much  urea,  60  times  as  much  S04,  40  times  as  much 

NH3,  30  times  as  much  P04,  and  25  times  as  much  uric  acid  as 
blood. 


Physical  Properties 

Volume.— The  excretion  of  the  various  urine  constituents 
varies  considerably  during  the  course  of  the  24  hour  day.  It 
is  of  interest  to  know  the  amounts  of  the  substances  found  in 
the  urine  voided  during  a  complete  24  hour  period.  Such  a 
4  hour  specimen  is  most  conveniently  collected  by  discarding 

dnrinl  tr‘amS  ,the  morninS-  then  collecting  all  urine  voided 
ng  the  day,  and  the  first  voiding  of  the  following  morning 

5  10  cTTeU“  Preserved  from  sPoi,i''g  by  adding 
5  0  c.c.  of  a  5  /0  thymol  solution  in  chloroform.  More  recently 
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much  work  has  been  reported  on  the  analysis  of  three-hour 
specimens  and  is  about  50  c.c.  per  hour  in  the  absence  of  diu¬ 
retics  or  thirsting. 

The  volume  of  such  a  sample  varies  through  fairly  wide 
limits.  It  is  influenced  by  the  balance  between  the  amount  of 
water  taken,  and  that  excreted  in  other  ways.  Thus,  loss  by 
excessive  sweating,  by  diarrhea,  or  vomiting,  or  in  fever  where 
evaporation  from  the  skin  is  increased  will  cause  a  fall  in  the 
urine  volume.  On  the  other  hand,  drinking  much  water,  or 


Fig.  40. — Urinary  system  in  the  male. 


prevention  of  loss  through  the  skin  as  on  humid  days  when 
evaporation  is  low,  will  tend  to  increase  the  total  volume  of  the 
urine.  An  average  figure  for  adult  men  is  1,000-1,200  c.c.  per 
day,  in  women  somewhat  less,  but  the  volume  from  a  perfectly 
healthy  subject  may  be  much  lower  (400-500  c.c.  or  less)  or  much 
higher  (two  to  three  liters  or  more) .  Children  excrete  less  urine 
than  adults,  600-700  c.c.  being  an  average  amount  between  the 
ages  of  3  and  7  or  8  years.  A  newborn  infant  excreted  17  c.c. 
the  first  day,  and  on  the  sixth  day,  206  c.c.  Vegetarians  usually 

excrete  a  small  volume. 
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In  pathological  conditions,  such  as  fevers,  or  in  kidney  affec¬ 
tions,  the  volumes  may  greatly  diminish  (oliguria),  or  no  urine 
may  be  excreted  at  all.  Such  a  condition  ends  in  death. 
In  the  various  forms  of  diabetes  the  volume  may  be  very  large ; 
even  10  liters  per  day  and  greater  volumes  have  been  reported. 
Such  a  condition  is  known  as  polyuria. 

Color,  Transparency. — The  color  of  normal  urine  ranges  from 
a  pale  straw  color  to  a  dark  brown.  Ordinarily  it  is  amber.  The 
color  is  due  to  the  presence  of  pigments,  uroclirome  and  uro¬ 
bilin  being  of  greatest  importance.  Uroerythrin  may  give  normal 
urine  or  its  sediments  a  reddish  color.  Dilute  urines  of  large 
volume  are  usually  pale  in  color,  concentrated  urines  usually 
darker,  because  the  same  amount  of  the  pigment,  urochrome, 
is  excreted  per  day.  The  reaction  of  the  specimen  affects  the 
color. 

Various  pathological  colorings  may  occur,  thus  blood  pig¬ 
ment  or  its  derivatives  may  cause  a  red  or  brown ;  bile  pigments 
give  the  urine  a  dark  brown,  greenish,  or  greenish  black  color. 
In  a  condition  known  as  alcaptonuria  the  urine  turns  dark  on 
standing.  It  should  be  borne  in  mind  that  various  drugs  will 
color  the  urine,  such  as  senna  (yellow),  tar  preparations  and 
salol  (brown).  Madder,  beets,  or  the  aniline  dyes  used  in 
candies  may  result  in  abnormal  colorations. 

The  transparency  of  normal  urine  varies  greatly.  Fresh  acid 
urine  is  usually  clear  or  fairly  so.  If  concentrated,  it  may  be 
cloudy  from  a  precipitate  of  urates  or  uric  acid.  This  precipi¬ 
tate  will  dissolve  on  warming.  On  standing,  a  slight  sediment 
usually  settles  out.  This  consists  of  various  cells  or  cell  debris, 
uiates,  uric  acid  and  some  other  substances. 

If  the  specimen  is  alkaline,  it  is  usually  cloudy  from  preeipi- 
tatcd  phosphates  or  carbonates  of  the  alkaline  earths.  This 
cloudiness  does  not  disappear  on  warming,  but  does  on  acidi- 


Pathological  urine  may  be  cloudy  from  mucin,  epithelial  cells, 
pus,  blood  or  bacteria. 

To  clear  a  cloudy  specimen  centrifuging  is  sufficient.  If  the 
ne  is  alkaline,  the  addition  of  acetic  acid  may  cause  clearing 
A1  urn,!!  may  be  removed  by  boiling  and  the  careful  addi¬ 
tion  of  acetic  acid.  Care  should  be  taken  (trial  and  error)  to 
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add  just  tli e  light  amount  of  acid,  as  excess  or  a  deficient  amount 
will  result  in  incomplete  precipitation  of  the  protein. 

Consistency,  Odor,  Taste. — The  urine  is  usually  thin  and 
^  atery.  It  foams  on  shaking  but  the  foam  disappears.  If  the 
urine  is  albuminous  the  foam  may  persist.  If  it  contains  much 
mucin  or  pus,  the  urine  may  be  thickish  in  character. 

The  odor  of  fresh  urine  is  quite  characteristic.  Recently  a  sub¬ 
stance,  “urinod”  (C6H80),  has  been  reported.  When  urine  is  al¬ 
lowed  to  stand  without  a  preservative,  it  quickly  acquires  a  sharp 
ammoniaeal  odor.  Decomposition  has  taken  place.  With  a  little 
practice,  the  analyst  is  able  to  detect  when  a  urine  has  “spoiled,” 
and  become  unsuitable  for  analysis.  Albumin  or  pus  urine,  es¬ 
pecially  if  old,  often  has  a  putrid  odor.  Ingested  drugs  or  foods 
may  cause  an  unusual  odor,  thus  asparagus,  or  onions  give  the 
urine  a  disagreeable  odor.  After  taking  menthol,  an  odor  of 
peppermint  is  observed. 

The  taste  of  normal  urine  is  usually  somewhat  salty  due  to 
NaCl.  Diabetic  urine  may  taste  sweet,  from  the  sugar  present. 

Specific  Gravity — Total  Solids. — The  specific  gravity  of  nor¬ 
mal  urine  obviously  depends  upon  the  relation  between  the 
amount  of  total  solids,  and  the  volume  of  the  urine.  An  average 
specimen  will  have  a  specific  gravity  of  from  1.017-1.020,  but  it 
may  fall  to  1.010  or  lower  if  the  volume  is  large,  or  rise  to  1.030 
or  higher  if  the  volume  is  low  or  the  total  solids  high.  In  new¬ 
born  infants  the  specific  gravity  is  low,  about  1.005-1.007. 

In  pathological  conditions  the  volume  and  specific  gravity 
may  not  vary  inversely.  Thus  in  diabetes  mellitus  a  large  vol¬ 
ume  is  accompanied  by  a  fairly  high  specific  gravity,  on  account 
of  the  sugar  present.  In  cases  of  albuminuria  the  volume  may 
be  low  and  the  specific  gravity  low  also. 

Specific  gravity  is  usually  estimated  by  means  of  a  hydrom¬ 
eter  or  urinometer. 

The  total  solids  excreted  in  the  course  of  a  day  will  vary 
considerably.  Sixty  grams  is  an  average  figure.  The  amount  de¬ 
pends  largely  upon  the  amounts  of  sodium  chloride  and  pro¬ 
tein  eaten,  for  NaCl  and  urea,  the  principal  end  product  of 
protein  metabolism  in  the  body,  make  up  the  largest  part  of  the 

total  solids. 
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Optical  Activity,  Reducing  Power,  Fermentation— Normal 
urine  is  slightly  levorotatory,  since  it  contains  minute  traces 
of  protein  and  of  conjugated  glucuronates,  both  of  which  ro¬ 
tate  strongly  to  the  left. 

Pathological  urine  may  show  strong  rotation.  If  glucose  is 
present  the  rotation  will  be  to  the  right.  If  protein  or  fructose 
is  present  in  quantity,  the  rotation  will  be  to  the  left,  as  is  also 
the  case  if  the  urine  contains  large  amounts  of  conjugated  glu¬ 
curonates,  as  it  does  after  taking  camphor,  chloral  hydrate, 
menthol  ami  various  other  drugs. 


O 

/  \ 

/  \ 

HOCII  C— COOH 


N 


Phenol 


HCOH  HOCH 

\/ 

C 

/  \ 

ho/  \ 

+  glucuronic  acid 


O 

/\ 

-OCH  C— COOH 

\ 

H 

HCOH  HOCH 

\  / 

\  / 

C 

/  \ 

H0/  \ 

Phenyl  glucuronate 


Normal  urine  has  a  slight  reducing  power,  due  to  its  content 
of  conjugated  glucuronates,  uric  acid  and  other  substances. 
The  reduction  is  not  sufficient  to  affect  the  ordinary  Fehling 
test  when  small  amounts  of  urine  are  used  however,  so  that 
this  test,  as  performed  with  normal  urine,  is  negative.  In 
pathological  urine,  particularly  diabetic  urine,  the  reduction 
may  be  extensive,  and  is  made  use  of  to  detect  sugar. 

On  standing,  urine  may  ferment  in  a  variety  of  ways  as  the 
result  of  the  activities  of  microorganisms.  Ammoniacal  fer¬ 
mentation  is  the  most  common.  Micrococcus  urete  and  B.  urese 
decompose  the  urea,  forming  ammonia.  The  urine  becomes  alka- 
me,  its  color  changes,  and  phosphates  are  precipitated.  Dilute 
urine  usually  ferments  quicker  than  a  concentrated  specimen. 

strong  acid  reaction  retards  the  process.  Other  types  of 
fermentation  occur  also. 

Pathological  urines  usually  ferment  quicker  than  normal 
specunens,  as  they  furnish  a  good  medium  for  the  development 
microorganisms.  Occasionally,  fermentation  occurs  in  the 
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bladder  before  the  urine  is  voided,  sometimes  filling  the  bladder 
with  a  honeycombed  deposit  of  phosphates. 

If  injected  into  the  blood  stream,  urine  has  a  toxic  effect.  This 
is  due  in  part  perhaps  to  certain  alkaloidal  substances  present 
in  small  amounts,  but  also  to  K  and  disturbances  in  osmotic 
equilibrium. 

Spectroscopic  examination  of  the  urine  is  sometimes  valuable 
in  the  detection  of  blood  or  bile  pigments. 

Reaction. — The  urine  of  a  normal  healthy  individual  may 
vary  considerably  in  reaction,  thus  it  may  be  acid,  neutral  or 
alkaline.  The  reaction  depends  primarily  on  the  nature  of  the 
diet.  On  a  bread  and  meat  diet,  the  urine  is  acid;  on  a 
vegetable  diet  the  urine  may  be  alkaline.  Thus  the  urine  of 
carnivora  is  acid,  that  of  herbivora  alkaline.  If  either  class 
of  animal  is  forced  to  eat  the  other  class  of  material,  the  re¬ 
action  of  the  urine  changes  accordingly.  In  starvation,  the 
urine  is  acid,  since  an  animal  thus  becomes  carnivorous,  living 
upon  its  own  tissues.  At  the  beginning  of  gastric  digestion, 
the  urine  is  usually  alkaline,  due  to  the  abstraction  of  gastric 
HC1  from  the  blood  (alkaline  tide). 

The  effect  of  variations  in  diet  upon  the  reaction  of  the  urine 
is  due  to  the  products  formed  in  the  breaking  down  of  food 
constituents.  Proteins  contain  sulphur  and  phosphorus,  which 
are  transformed  into  sulphuric  and  phosphoric  acids,  and 
excreted  largely  in  the  form  of  acid  salts.  These  two  factors 
are  mainly  responsible  for  the  acid  reaction  of  urine,  although 
there  are  small  amounts  of  various  organic  acids.  Many  or¬ 
ganic  acids  in  vegetable  products,  on  the  other  hand,  are 
oxidized  to  C02.  The  oxidation  of  alkali  salts  of  organic  acids 
is  responsible  for  an  alkaline  reaction  of  urine.  Ingesting 
alkali  salts  of  organic  acids,  such  as  citric  and  malic,  which 
are  burned  to  carbonates,  actually  increases  the  alkalinity  of 
the  urine,  thus  bearing  out  the  above  conclusions. 

As  might  be  expected,  the  total  titrable  acidity  of  the  urine 
varies  greatly.  An  average  24  hour  specimen  on  a  mixed  diet 
will  require  150-400  c.c.  A/10  alkali  to  neutralize  it,  using 
phenolphthalein  as  indicator.  These  figures  may  be  exceeded  in 
either  direction. 
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There  appear  to  be  no  consistent  and  characteristic  variations 
in  acidity  in  disease. 

The  hydrogen-ion  concentration  of  urine  may  be  determined 
by  the  gas  chain  method,  or  by  the  use  of  an  indicator 
as  described  in  the  Laboratory  Work.  The  average  value  is 
pH  =  6,  but  it  ranges  between  pH  =  4.8  and  pH  =  7.4. 

/NH2 

Urea. —  0=C  .  By  far  the  largest  part  of  the  nitrogen 

\NH2 


excreted  by  the  body  is  in  the  form  of  urea.  Other  nitrogenous 
substances  are  uric  acid,  ammonia,  creatinine  and  creatine,  hip- 
puric  acid,  allantoin,  amino  acids  and  a  variety  of  other  sub¬ 
stances.  Of  the  total  nitrogen  contained  in  all  these  substances, 
urea  contains  on  an  average  85-90%.  On  a  high  protein  diet 
this  percentage  may  increase,  and  on  a  low  protein  diet  it  may 
fall  even  as  low  as  60%  since  the  total  amount  of  urea  varies 
with  the  amount  of  protein  in  the  food.  A  variation  of  from 
8  or  10  grams  to  30  grams  of  urea  per  day  will  cover  most  cases. 

Lrea  is  a  colorless,  odorless  compound  which  crystallizes  in 
long  needles.  It  is  almost  tasteless,  but  produces  a  sensation  of 
coolness  when  placed  on  the  tongue.  It  is  readily  soluble  in 
water  and  alcohol  but  insoluble  in  ether.  With  nitric  or  oxalic 
acid,  it  forms  urea  nitrate  or  oxalate  respectively,  one  molecule 
of  nitric  uniting  with  one  of  urea,  one  of  oxalic  with  two  of 
urea.  These  salts  crystallize  easily  and  are  useful  in  the  isola¬ 
tion  and  purification  of  urea. 


On  heating  dry  urea,  it  decomposes,  forming  biuret,  cyan- 
uric  acid,  and  other  substances. 

Lrea  in  acid  solution  is  decomposed  by  nitrous  acid,  and  in 
a  kaline  solution  by  hypobromite ;  the  nitrogen  is  liberated  as 
a  gas,  and  may  be  measured.  Various  methods  for  the  quan- 
titat!™  estmaataon  of  urea  depend  upon  these  reactions.  If 
hea  ed  to  153  ,  urea  gives  up  its  nitrogen  as  ammonia.  This 
method  has  been  used  in  some  of  the  most  successful  quantita- 

nd  Tcter  ha  -t,An  eDZ'Vme  ~  Wh*h  * 
and  bacteria  has  the  property  of  decomposing  urea  but  no 

other  nitrogenous  constituent  of  the  urine.  The  nrel  is  con 

eited  into  ammonia  and  carbamic  acid  from  which  the  am- 
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rnoiiia  may  be  liberated.  This  is  the  basis  for  the  method  of 
urea  determination  in  general  use  at  present. 

The  original  source  of  urea  is  the  proteins  of  food  and  tis¬ 
sues.  Proteins  are  made  up  of  amino  acids.  In  digestion  they 
are  split  up  into  these  compounds.  Where  and  how  is  the  amino 
acid  nitrogen  converted  into  urea?  This  is  a  question  which 
has  taken  much  labor  to  solve.  Amino  acids  undoubtedly  are 
deaminized  in  the  liver  itself,  and  also  in  various  other  tissues. 
Mann’s  experiments  demonstrate  that  the  manufacture  of  urea 
occurs  only  in  the  liver.  The  liver  was  removed  from  the  body  of 
a  mammal  and  no  urea  was  formed  (Mann).  The  liver  may  be 
shunted  out  of  the  circulation,  however,  by  an  operative  proced¬ 
ure  known  as  Eck’s  fistula.  In  an  Eck’s  fistula,  the  portal  vein  is 
joined  to  the  inferior  vena  cava.  The  portal  vein  beyond  the 
fistula  is  then  ligated.  The  blood  from  the  intestine  now  no 
longer  passes  to  the  liver,  but  into  the  vena  cava  and  thence  to 
the  heart.  The  liver  still  receives  some  blood  by  way  of  the  he¬ 
patic  artery  but  most  of  the  blood  does  not  pass  through  the 
liver.  Under  these  circumstances,  the  amount  of  urea  in  the 
urine  decreases  greatly,  with  a  corresponding  increase  in  am¬ 
monia.  It  has  been  observed  that  in  various  acute  diseases  of  the 
liver  or  in  injury  to  the  liver  cells  after  poisoning  with  certain 
substances,  a  fall  in  urinary  urea  results. 

Urea  and  ornithine  may  arise  from  the  direct  hydrolysis  of 
arginine.  The  enzyme,  arginase,  occurs  in  liver  and  kidney. 
Citrulline  is  an  intermediate  in  the  regeneration  of  arginine.  In¬ 
spection  of  the  formula  for  this  compound  will  demonstrate  the 
ease  of  this  process  from  a  chemical  standpoint.  This  was  con¬ 
firmed  on  liver  slices  by  Gornall  and  Hunter.* 

Urea  has  a  distinct  physiological  action,  acting  as  a  diuretic. 
Increase  of  urea  in  the  blood  increases  the  flow  of  urine.  This 
is  in  harmony  with  the  fact  that  on  high  protein  diet  the  volume 
of  the  urine  is  high. 

Uric  Acid  and  Other  Purine  Derivatives.— Uric  acid  occurs 
in  the  urine  in  amounts  ranging  from  about  0.3  to  1.2  grams  per 
day.  It  makes  up  from  5-10%  of  the  total  nitrogen  of  the  urine. 
Notwithstanding  its  small  amount,  uric  acid  is  of  great  interest, 
and  has  long  attracted  widespread  attention  because  it  occurs  as 


•Gornall  and  Hunter:  J.  Biol.  Chem.  147:  593,  1943 
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a  urinary  sediment.  It  is  deposited  in  the  joints  in  gout  and 
arthritis,  and  shows  other  interesting  variations  in  disease  and 


on  varying  diets. 

In  birds  and  reptiles  uric  acid  is  the  chief  nitrogenous  excre¬ 
tion.  The  urine  of  these  animals  is  semisolid,  since  it  contains 
large  amounts  of  uric  acid  crystals. 

It  is  extremely  insoluble  and  frequently  precipitates  from  the 
urine  as  a  crystalline  sediment  which  is  usually  colored  by 
other  substances.  The  crystal  form  varies,  but  is  frequently 
whetstone  or  gunboat  shape.  It  dissolves  fairly  readily  in  alka¬ 
lies,  in  boiling  glycerol,  and  in  concentrated  sulphuric  acid  on 
slight  warming,  without  decomposition.  It  forms  salts,  those  of 
sodium  and  ammonium  often  being  present  in  urine  sediment. 
Uric  acid  is  easily  decomposed  in  alkaline  solution,  and  yields 
various  products,  such  as  urea  and  dialuric  acid.  It  reduces 
Fehling’s  solution,  and  is  readily  oxidized  by  alkaline  perman¬ 
ganate  and  other  oxidizing  agents.  Alloxan,  allantoin,  oxalic 
and  carbonic  acids  are  among  the  oxidation  products  of  uric  acid. 

If  a  crystal  of  uric  acid  is  moistened  with  concentrated  HNOa 
and  evaporated  to  dryness  on  the  water-bath  a  reddish  spot  re¬ 
mains,  which  becomes  a  deeper  red  on  the  addition  of  ammonia. 
This  is  known  as  the  murexide  test.  Other  purines  (xanthine 
and  guanine)  give  this  test,  but  may  be  distinguished  from  uric 
acid  by  the  fact  that  the  red  color  persists  on  warming,  whereas 
that  from  uric  acid  disappears  on  warming.  The  red  substance 
from  uric  acid  is  ammonium  purpurate. 


The  source  of  the  uric  acid  was  long  a  matter  of  uncertainty. 
We  now  know,  however,  that  it  is  derived  from  the  purine  por¬ 
tion  of  nucleic  acid.  Thus  the  nucleoproteins  are  the  ultimate 
source.  This  fact  increases  interest  in  uric  acid,  since  evidently  it 
is  a  Product  of  the  breaking  down  or  catabolism  of  nuclear  ma- 
ena  .  e  purine  bases,  adenine  and  guanine,  are  constituents  of 
nuclei  acid.  In  the  body  these  compounds  are  oxidized  to 
h>  oxan  h",e  and  xanthine,  and  these  latter  substances  to  uric 
•  cid.  These  purines  may  come  from  the  breaking  down  of  nu¬ 
clear  material  in  the  food,  or  in  the  tissues  themselves  TMs 
fact  may  be  demonstrated,  for  if  glandular  material  such  as 
sweetbreads  (pancreas),  is  fed,  there  is  an  increase  in  the  uric 
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acid  of  the  urine.  Since  this  uric  acid  has  an  origin  outside  the 
tissues,  and  comes  from  material  which  is  probably  at  no  time  a 
constituent  of  the  cells,  it  is  called  the  exogenous  uric  acid,  i.e, 
coming  from  without.  It  is  interesting  that  all  of  the  ingested 
purines  are  not  recovered  in  the  urine  as  uric  acid.  Evidently  a 
portion  either  is  not  absorbed,  is  not  changed  to  uric  acid 
or  is  destroyed  in  the  body.  If  an  animal  is  kept  upon  a 
purine-free  diet,  uric  acid  does  not  disappear  from  the  urine ; 
irom  0. 3-0.5  grams  a  day  still  is  excreted.  This  must  come 
from  the  nuclear  material  of  the  tissues  themselves,  and 
hence  is  called  endogenous  uric  acid,  i.e.,  coming  from  within. 
There  is  a  possibility  that  at  least  a  portion  of  this  uric  acid 
comes  from  the  nuclear  material  of  dead  bacteria  in  the  in¬ 
testine,  but  it  is  generally  considered  to  arise  mainly  in  the 
catabolism  of  the  tissue  nucleins. 

The  transformation  of  the  purines,  adenine  and  guanine,  into 
uric  acid  involves  several  steps.  This  process  has  been  care¬ 
fully  studied,  and  enzymes  have  been  found  in  various  tissues 
which  possess  the  property  of  carrying  out  all  the  intermediate 
stages  of  the  process. 


Guanine  -f-  enzyme,  guanase  xanthine 
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Xanthine  4-  xanthinase  — »  uric  acid 
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In  most  mammals  an  enzyme,  uricase,  occurs  which  has  the 
power  of  destroying  uric  acid,  allantoin  being  one  of  the  chiei 
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products.  This  enzyme  has  not  been  found  in  man,  however, 
and  it  is  probable  that  man  has  lost  the  power  of  destroying  uric 
acid.  To  be  sure,  if  uric  acid  is  given  to  a  human  being  by 
mouth,  only  a  small  portion  of  it  appears  in  the  urine.  Per¬ 
haps  intestinal  bacteria  are  responsible  for  its  destruction. 

The  question  has  been  raised :  can  the  body  build  up  its  own 
purines  (and  from  these  its  nucleoproteins)  from  nonpurine 
substances?  In  birds  and  reptiles  the  synthesis  of  uric  acid 
is  a  well-known  fact.  In  invertebrates  also  this  synthesis  takes 
place.  It  would  be  curious  if  only  mammals  lacked  this  power. 
We  know  in  fact  that  in  very  young  mammals  living  on  milk, 
which  contains  only  traces  of  purine,  large  amounts  of  nuclear 
material  are  built  up,  apparently  from  nonpurine  sources. 

Some  evidence  has  been  obtained  from  feeding  experiments. 
Animals  fed  on  a  purine-free  diet  continued  to  excrete  uric 
acid,  and  there  was  no  apparent  decrease  in  the  amount  of 
nuclear  material  in  their  tissues.  If  arginine  and  histidine 
were  excluded  from  the  diet,  the  uric  acid  excretion  greatly 
decreased,  but  became  normal  again  when  arginine  and  histi¬ 
dine  were  restored  to  the  diet.  The  evidence  points  to  the 
conclusion  that  the  body  synthesizes  its  own  purines  from 
histidine  but  synthesis  from  arginine  has  been  questioned. 

The  variations  in  the  amount  of  uric  acid  in  disease  are  in¬ 
fluenced  by  the  amount  of  destruction  of  nuclear  material  in  the 
body.  During  recovery  from  pneumonia,  when  the  transudates 
containing  large  numbers  of  leucocytes  are  being  reabsorbed,  in 
leucemia  where  the  number  of  leucocytes  in  the  blood  is  great¬ 
ly  increased,  after  severe  bums  which  have  caused  the  disin¬ 
tegration  of  much  tissue,  and  in  pregnancy  when  there  is 
increased  nuclear  metabolism,  an  increase  in  uric  acid  is  ob¬ 
served.  In  gout  and  arthritis  uric  acid  is  deposited  in  the  joints, 
causing  much  pain  and  inconvenience.  It  is  a  debated  question’ 
owever,  as  to  whether  this  is  the  cause  or  the  effect  of  the  dis- 


Other  purines  occur  in  the  urine  in  small  quantities.  Also 
eaffeirn  theobromine  and  other  members  of  the  group  which 
occur  m  coffee  and  cocoa  may  be  present. 
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Detoxication  Compounds,  Hippuric  Acid.— If  benzoic  acid 

— COOH 

/\ 


\/ 

Benzoic  Acid 

is  taken  by  mouth,  it  is  united  in  the  body  with  glycine  to 
form  hippuric  acid 

— CO.NH.CHo.COOH 

Pi 

I  I 

\/ 

Hippuric  Acid 

and  excreted  in  the  urine.  Hippuric  acid  is  found  in  large 
amounts  in  the  urine  of  herbivora.  Less  than  a  gram  a  day 
is  usually  present  in  the  urine  of  man.  Benzoic  acid  occurs  in 
various  fruits  and  vegetables,  particularly  in  cranberries.  The 
formation  of  hippuric  acid  is  apparently  a  detoxication,  as 
benzoic  acid  is  considerably  more  toxic  than  hippuric.  Many 
other  detoxication  compounds  of  glycine  or  glucuronic  or  sul¬ 
phuric  acids  may  occur  in  the  urine. 

Ammonia. — The  urine  always  contains  small  amounts  of  am¬ 
monia,  usually  less  than  a  gram  a  day.  Ammonia  is  used  by  the 
body  to  neutralize  acids  which  are  not  oxidized  and  destroyed 
by  the  body.  The  taking  of  a  mineral  acid  thus  will  cause  an  in¬ 
crease  in  urinary  ammonia.  This  occurs  also  in  diabetes,  where 
aceto-acetic  acid  and  /?-hydroxybutyric  acid  are  produced  and  not 
further  oxidized  in  the  organism.  They  are  excreted  in  the  form 
chiefly  of  their  ammonium  salts.  The  source  of  the  ammonia  is 
largely  the  split-off  amino  groups  liberated  in  the  destruction  of 
amino  acids  when  proteins  are  destroyed.  Most  of  this  ammonia 
is  built  into  urea,  but  a  portion  is  excreted  as  such.  According 
to  Benedict  the  ammonia  is  entirely  changed  into  urea  and 
some  of  the  urea  is  hydrolyzed  in  the  kidney  with  the  produc¬ 
tion  of  ammonia.  He  bases  this  opinion  on  his  observation  that 
ammonia  is  more  concentrated  in  the  renal  vein  than  in  the 
renal  artery.  The  ratio  of  equivalents  of  NH3  to  titrable  acid 
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is  usually  0.7-28.  Apparently  the  liver  contains  urease  to  form 
urea,  and  the  kidney  contains  urease  to  decompose  urea. 


Creatinine  and  Creatine. — 
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Creatine  is  an  amino  acid  occurring  in  the  muscles.  Creati¬ 
nine  is  the  anhydride  of  creatine.  It  occurs  in  the  urine  of 
adults  in  amounts  ranging  from  1-2  grams  a  day.  On  a  diet 
which  contains  no  creatinine,  the  amount  is  quite  independent 
of  the  amount  of  protein  in  the  food.  It  is  thus  evident  that 
it  is  not  an  end  product  of  the  metabolism  of  food  proteins. 
If  creatinine  is  present  in  the  food  (in  meat  extracts  it  arises 
from  creatine),  almost  all  of  that  ingested  reappears  in  the 
urine,  and  thus  evidently  is  not  destroyed  in  the  body.  On 
a  creatinine-free  diet,  the  amount  of  creatinine  in  the  urine 
is  remarkably  constant  for  each  individual,  about  7-11  mg.  of 
creatinine  nitrogen  per  kilo  weight  per  day  being  excreted. 
This  value  is  called  the  creatinine  coefficient. 

Creatine  is  found  in  the  urine  of  children,  of  women  during 
pregnancy,  menstruation  and  after  childbirth,  and  in  the  urine 
of  adult  men  and  women  during  fasting.  It  occurs  in  the 
urine  during  carbohydrate  starvation,  and  in  diabetes.  At  such 
times  the  amount  of  creatinine  decreases,  the  total  of  creatine 
+  creatinine  remaining  about  constant.  It  occurs  in  the  urine 
of  rats  and  rabbits  during  vitamin  E  deficiency. 

If  creatine  is  taken  by  mouth,  little  or  no  increase  in  urinary 
creatinine  or  creatine  occurs,  being  taken  up  by  voluntary  mus¬ 
cle.  After  the  muscles  are  saturated,  however,  continued  crea- 
me  feeding  leads  to  increased  urinary  creatinine  equivalent 
o  /3  tie  creatine  (creatine  may  appear  in  the  urine).  There 
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are  about  120  grams  of  creatine  in  the  body  of  an  average 
adult  where  it  exists  chiefly  as  phosphocreatine  in  muscle. 

The  fact  that  the  creatinine  excretion  is  independent  of  the 
protein  and  creatine  intake,  that  it  varies  with  age  and  sex,  and 
shows  a  fairly  constant  value  in  each  individual  has  led  to  the 
conclusion  of  Folin  that  creatinine  is  a  product  and  index  of  the 
endogenous  metabolism  of  the  tissues.  The  source  of  the  urinary 
creatinine  is  probably  the  creatine  of  the  tissues.  The  forma¬ 
tion  of  creatinine  appears  to  be  independent  of  muscular  work, 
as  no  increase  is  observed  after  exercise.  Just  what  governs  the 
formation  of  creatinine  is  still  uncertain.  The  excretion  of 
creatinine  is  greater  during  the  day  than  at  night. 

The  whole  subject  of  the  role  and  formation  of  the  creatine  of 
the  tissues  and  the  formation  of  creatinine  is  still  in  a  very  un¬ 
satisfactory  state,  although  it  appears  evident  that  these  sub¬ 
stances  are  intimately  connected  with  endogenous  tissue  metab¬ 
olism  itself.  Phosphocreatine  may  be  concerned  with  muscle 
metabolism  along  with  glucose  phosphate. 

Creatinine  or  another  substance  giving  the  Jaffe  reaction  oc¬ 
curs  in  the  blood,  and  increases  in  amount  in  nephritis.  A  value 
of  5  mg.  per  100  c.c.  blood  is  called  the  fatal  ratio,  since,  if  it 
reaches  this  level  the  patient  rarely  recovers.  In  the  determina¬ 
tion  of  blood  creatinine  the  blood  filtrate  changes  in  color  at  a 
different  rate  from  the  standard  of  pure  creatinine;  better  re¬ 
sults  are  obtained  on  plasma. 

Inorganic  Constituents 

The  urine  contains  a  variety  of  inorganic  constituents,  such 
as  chlorides,  sulphates,  phosphates,  and  carbonates,  of  sodium, 
potassium,  calcium  and  magnesium.  In  addition,  various  others 
occur.  There  are  traces  of  nitrates,  believed  to  come  mainly 
from  nitrates  in  the  drinking  water.  Iron  also  is  found  in 
traces,  about  8-10  mg.  per  day.  It  is  probably  in  both  inorganic 
and  organic  compounds.  Fluorides  (1  mg.  F  per  day),  silicic 
acid  and  other  substances  also  occur,  as  well  as  accidental  con¬ 
stituents  taken  with  the  food. 

Chlorides. — Of  the  inorganic  constituents,  chlorides  make  up 
the  largest  part.  Sodium  chloride  is  present  in  greatest  amount, 
and  the  total  chlorides  of  the  urine  are  usually  reported  as 
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“sodium  chloride.”  The  total  amount  averages  10-15  grams  of 
sodium  chloride  a  day,  but  it  may  vary  greatly,  the  variation  de¬ 
pending  chiefly  on  the  amount  of  “salt”  in  the  diet.  Drinking 
much  water  will  increase  the  chloride  output.  The  excretion  is 
greater  during  activity  than  at  night.  The  amount  decreases  in 
some  diseases,  as  during  the  formation  of  exudates  in  pneumonia. 
When  reabsorption  takes  place  after  the  crisis,  the  retained 
chloride  reappears  in  the  urine.  It  is  interesting  that  sodium 
chloride  is  the  only  salt  present  in  an  ordinary  mixed  diet  in 
amounts  insufficient  for  the  body’s  needs.  It  must  be  added  to 
the  food.  The  well-known  salt  craving  of  herbivorous  animals 
is  an  example  of  this.  Carnivorous  animals  obtain  enough  salt 
from  the  blood  of  the  animals  they  devour. 

Phosphates. — The  urine  contains  about  0. 5-1.2  grams  phos¬ 
phorus  per  day,  but  none  of  this  is  in  the  form  of  elemental 
phosphorus.  It  is  all  in  oxidized  form  as  ortho-,  mono- 
or  di-phosphates,  and  some  in  esterlike  compounds,  such  as 
glycero-phosphoric  acid.  The  amount  excreted  is  increased 
by  a  protein  diet,  since  the  phosphates  of  the  nucleoproteins, 
lecithin  and  phospho-proteins  are  the  main  source  of  urinary 
phosphates.  Some  inorganic  phosphates  also  occur  in  the  food 
as  such.  The  amount  in  the  urine  is  influenced  by  the  fact 
that  phosphates  are  excreted  in  the  feces.  This  is  due  partly 
to  failure  to  absorb  them,  but  also  to  the  fact  that  phosphates 
are  excreted  into  the  intestine  and  eliminated  in  the  feces 
chiefly  as  calcium  phosphate.  On  an  average,  about  50-65% 
of  the  total  phosphorus  is  excreted  in  the  urine,  the  remainder 
in  the  feces.  Parathormone  causes  increase  in  urine  phosphorus, 
and  parathyroidectomy  decreases  it.  The  phosphates  of  the 
urine  are  sometimes  differentiated  into  alkali  phosphates,  alka¬ 
line  earth  phosphates,  and  organically  combined  phosphates. 

In  pathological  conditions  the  phosphorus  excretion  is  in¬ 
creased  when  there  is  increased  destruction  of  nuclear  material, 
as  in  leucemia.  Also  in  starvation  the  bone  tissue  is  gradually 
drawn  upon  for  food,  and  increased  phosphate  elimination  re¬ 
sults.  The  parathyroid  glands  appear  to  be  connected  in  some 
way  with  phosphate  excretion. 

Sulphates.— Sulphur  occurs  in  the  urine  in  various  forms 
Three  classes  are  usually  recognized,  inorganic  sulphates, 
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ethereal  sulphates  and  unoxidized  or  “neutral”  sulphur.  The 
total  amount  of  sulphur  excreted  per  day  is  variable,  but  usually 
is  somewhat  less  than  a  gram.  The  chief  source  of  urinary  sul¬ 
phate  is  the  sulphur  of  the  protein  molecule.  Most  of  this  is 
oxidized  in  the  body,  so  that  75-80%  of  the  total  sulphur  is  pres¬ 
ent  as  inorganic  sulphate.  The  remainder  is  made  up  of  organi¬ 
cally  bound  sulphate,  and  of  a  mixture  of  traces  of  several  com¬ 
pounds  containing  sulphur  in  unoxidized  form,  such  as  thio¬ 
cyanate  (which  we  have  met  already  as  a  constituent  of  saliva), 
cystine  and  sulphides. 

Since  the  proteins  are  the  chief  source  of  urine  sulphur,  there 
is  a  general  parallelism  between  the  nitrogen  and  sulphur  excre¬ 
tion,  which  on  a  meat  diet  is  N/S  —  about  15  but  on  fasting 
may  be  18.5. 

The  ethereal  sulphates  are  compounds  in  which  sulphuric  acid 
is  conjugated  with  various  phenols  produced  from  the  proteins 
by  putrefaction  in  the  intestine.  From  tryptophan,  indole  and 
skatole  are  produced  and  oxidized  in  the  body  to  indoxyl  and 
skatoxyl  which  are  then  combined  with  sulphuric  acid  to  make 
ethereal  sulphates.  The  synthesis  of  these  compounds,  as  in  the 
case  of  the  conjugated  glucuronates,  is  a  protective  measure,  the 
toxic  phenols  and  imidazoles  being  converted  into  relatively 
nontoxic  ethereal  sulphates. 

Variations  in  the  amount  of  protein  in  the  diet  cause  rela¬ 
tive  as  well  as  absolute  variations  in  the  different  sulphur  constit¬ 
uents.  If  the  amount  of  protein  in  the  food  is  decreased,  the  inor¬ 
ganic  sulphates  fall  both  in  amount  and  in  percentage  of  the  total 
sulphur  which  they  represent.  The  amount  of  neutral  sulphur 
remains  fairly  constant,  so  that  the  percentage  rises.  Thus 
neutral  sulphur,  like  creatinine,  is  probably  largely  a  product  of 
endogenous  tissue  metabolism,  since  it  is  independent  of  the  pro¬ 
tein  intake  in  the  food.  Neutral  sulphur  is  increased  in  cystin- 
uria  by  chloroform  and  after  taking  cyanides,  which  are  con¬ 
verted  into  thiocyanate.  Putrefaction  in  the  intestine  decreases 
in  amount  on  a  low  protein  diet,  so  that  ethereal  sulphates  de¬ 
crease,  but  usually  not  so  rapidly  as  the  total  sulphur,  so  the 
percentage  increases  somewhat. 

Carbonates  are  often  found  to  considerable  extent  in  the  urine 
on  a  vegetable  diet.  An  alkaline  reaction  of  the  urine  may  be 
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due  largely  to  carbonates.  They  often  precipitate  in  alkaline 
urine  and  are  thus  found  in  the  sediment. 

Sodium,  potassium,  calcium  and  magnesium  are  present. 
The  amounts  depend  much  on  the  quantity  of  each  present  in 
the  food.  In  the  case  of  calcium  and  magnesium  50-80%  may 
be  lost  in  the  feces,  the  remainder  in  the  urine.  Two  to  4  or  5 
grams  each  of  sodium  and  potassium  may  be  excreted  daily. 


Pathological  Urine 

The  most  frequent  pathological  constituents  of  the  urine  are 
albumin,  glucose,  and  acetone  bodies.  It  is  estimated  that  67 
liters  of  urine  are  formed  each  day  in  the  glomeruli  of  the  kid¬ 
neys.  Normally  most  of  the  water  is  reabsorbed  by  the  loops  of 
Henle,  but  if  these  loops  are  poisoned  by  mercury,  or  in  case  of 
diabetes  insipidus,  as  much  as  50  liters  of  urine  may  be  voided 
each  day. 

Cystine  occurs  in  larger  amounts  in  cystinuria.  Urine  of 
persons  with  melanotic  tumors  on  exposure  to  air  may  develop 
melanosis  (black  pigment).  The  presence  of  albumin  is  con¬ 
sidered  a  sign  of  nephrosis  and  nephritis.  Postural  albuminuria 
occurs  in  some  individuals.  The  albuminuria  occurs  only  in  cer¬ 
tain  postures.  It  is  supposed  to  be  connected  with  the  effect  of 
hydrostatic  pressure  on  the  blood  circulation.  Bence-Jones 
protein  is  supposed  to  be  a  proteose  which  occurs  in  the  urine  in 
multiple  myeloma.  Abderhalden  has  shown  that  it  is  not  always 
the  same  protein.  When  this  urine  is  heated  it  precipitates  but 
redissolves  on  raising  the  temperature  further.  Other  proteoses 
and  peptones  occur  in  the  urine  in  pneumonia,  diphtheria,  osteo¬ 
malacia,  and  carcinoma.  Creatine  occurs  in  the  urine  under 
certain  conditions,  but  owing  to  errors  in  many  older  analyses 
due  to  the  interference  of  the  acetone  bodies,  the  results  in  cases 
of  ketosis  should  be  reinvestigated. 

During  starvation  the  excretion  of  many  substances  falls. 
At  the  Boston  Nutrition  Laboratory  a  man  fasted  for  a  month. 
At  the  end  of  that  time  a  24-hour  urine  sample  contained  •  total 
nitrogen,  7  g. ;  amino  nitrogen,  1.4 ;  /Lhydroxybutyric  acid,  4 
(0.2  before  beginning  the  fast);  Na20,  0.2;  K.O  0  7-01  0  19. 
P.O,  L3;  Ca°,  0.2;  total  sulphur,  0.5.  During  a  prolonged 
fast  the  body  lives  on  its  own  fat  until  this  is  exhausted,  at  which 
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time  there  is  a  premortal  rise  in  urinary  nitrogen  due  to  the 
excessive  burning  of  body  protein,  but  this  was  not  reached  in 
this  case.  The  titrable  acidity  of  the  urine  was  220  c.c.  of  0.1  N. 

After  drinking  poison,  glycosides  of  glucuronic  acid  appear 
in  the  urine.  These  are  usually  determined  by  hydrolysis  and 
a  determination  of  the  reducing  power  by  ordinary  sugar  meth¬ 
ods. 

In  order  to  determine  whether  any  urinary  constituent  is 
pathological,  it  may  be  compared  with  the  following  normal 
values. 

Table  VI 


Folin’s  24-Hour  Urine  Standards 


NORMAL  diet 

GRAMS 

LOW  PROTEIN  DIET 
GRAMS 

Volume 

1430 

385 

Total  N 

16 

3.6 

Urea  N 

13.9  (87.5%) 

2.2  (62%) 

NH3N 

0.7  (4.3%) 

0.4  (11%) 

Creatinine  N 

0.58  (3.6%) 

0.6  (17%) 

Uric  Acid  N 

0.12  (0.8%) 

0.1  (2.5%) 

Remaining  N 

0.6  (3.75%) 

0.3  (8%) 

Total  S03 

3.64 

0.8 

Inorganic  S03 

3.25  (88%) 

0.5 

Ethereal  S03 

0.22  (7%) 

0.1  (13%) 

Neutral  S03 

0.17  (5%) 

0.2  (26%) 

P*06 

3.85 

Chlorides 

6.1 

CHAPTER  XIII 


BLOOD 

The  Blood.— The  blood  is  the  tissue  most  studied  in  bio¬ 
chemistry.  It  is  a  fluid  in  which  a  variety  of  formed  ele¬ 
ments,  corpuscles  and  platelets,  are  suspended.  It  is  of  the  ut¬ 
most  importance  as  a  circulating  medium,  for  it  carries  oxy¬ 
gen,  carbon  dioxide,  food  materials,  products  of  internal 
secretion,  various  waste  substances,  heat  and  salts  to  or  from  the 
cells.  The  blood  is  thus  the  common  carrier  of  the  body,  deliv¬ 
ering  fuel  and  other  supplies  to  the  cells,  and  carrying  away  the 


Table  VII 


NORMAL 

BEGINNING 

PATHOLOGICAL 

RANGE 

PATHOLOGICAL 

RANGE 

Calculated 

in  per  cent  (g.  per  100  c.c.) 

Blood  Proteins 

Hemoglobin 

Albumin  +  Globulin 

13-16 

-12 

3-23 

(Serum) 

6.2-8. 0 

-  5 

3.5-10 

Albumin  (Serum) 

3. 6-5.0 

-  2.5 

1-5.5 

Globulin  (Serum) 

2.0-3.5 

1.5-7.0 

Fibrinogen  (Plasma) 

0.3-0. 6 

0.1-0.9 

Calculated  in  mg.  per 

100 

c.c. 

Nonprotein  N 

25-35 

+35 

20-400 

Urea  N 

12-15 

+20 

5-350 

Creatinine 

1-2 

+  3.5 

to  34 

Uric  Acid 

1-3.5 

+  4 

to  27 

(Serum) 

2-6 

+  5 

Blood  Sugar 

65-100 

+150 

20-1,300 

Cholesterol 

140-170 

(-120 

1+170 

60-1,000 

Calcium  as  Ca  (Serum) 
Inorganic  P  as  P  (Serum) 

9-11 

-  8 

3-20 

Adult 

Children 

2.5-4 

4-6 

-  4 

2-40 

Chlorides  (Plasma)  as  NaCl 

570-620 

-500 

300-850 

Calculated  in  volumes 

per 

cent 

CO,  Capacity  (Plasma) 

50-70 

(-45 

1+70 

5-130 

CO,  Content  (Plasma) 

45-65 

Calculated  in  terms  of  pH 

Hydrogen  Ion  Cone. 

7.35-7.45 

(-7.32 

1+7.47 

6.95-7.60 

Icteric  Index  (Serum) 

Calculated  in  terms  of  1:10,000  K,Cr,0, 

4’6  +10  10-225 

below,  and  the  (+)  —  above. 
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cell  refuse.  Each  cell  is  bathed  in  an  aqueous  fluid  just  as 

were  the  original  independent  unicellular  organisms  which 
lived  in  the  sea. 

Ihe  blood  contains  30-40%  corpuscles  and  60-70%  plasma. 
The  preceding  table  is  from  Myers:  Laboratory  Directions  in 
Biochemistry,  The  C.  V.  Mosby  Co. 


Alimentary 

canal 


'//////a 

lvarv 


Portal 

vein. 


Lacteais - f - i — 


Hepatic  vein. — 


Veins  from  upper  /  / 
part  of  6ody 

Lymphatics - 1  /  U 


Thoracic  duct  — 

Superior  vena  cava-f-  — 
Pulmonary  artery  -j — 

Pi^ht  auricle  — 

Inferior  vena  cava- 

Pi^ht  ventricle 


Arteries  to  upper 
part  of  Body 


Pulmonary  vein 


—  Left  auricle. 


Left  ventricle 


Veins  from  lower 
part  of  Body 


Arteries  to  lower 
part  of  Body 


Lymphatics  —  \\~_Hepatic artery 


Fig  41.— Diagram  of  the  circulation  of  the  blood.  The  oxygenated  blood 
Is  shown  in  black ;  the  blood  rich  in  CO,  is  white.  The  lympha *r? 
black  knotty  lines.  Note  that  all  blood  returning  from  the  intestine  must 
pass  through  the  liver. 


The  important  constituent  of  the  red  corpuscles  is  hemoglobin. 
This  substance  has  already  been  discussed  in  the  chapter  on 
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proteins  (q.v.).  It  carries  oxygen  to  the  cells,  and  assists  in 
carrying  away  C02.  In  the  transportation  of  C02,  other  factors 
are  important,  for  this  substance  is  carried  to  a  considerable 
extent  also  in  the  plasma,  as  sodium  bicarbonate.  When  C02 
passes  from  the  tissues  into  the  blood,  it  makes  the  blood  less 
alkaline.  This  favors  the  liberation  of  02  from  oxyhemoglo¬ 
bin.  The  reverse  case  occurs  in  the  lungs. 


Pig. 


42.  Alkali  reserve  normality  and  Van  Slyke  CCh  values 
(Journal  of  Biological  Chemistry.) 


of  blood  plasma. 


The  amount  of  C02  actually  carried  by  the  blood  is  much 
greater  than  could  be  carried  if  the  gas  were  merely  dissolved 
m  the  plasma.  Prom  100  c.c.  of  arterial  blood  which  contains 
e.SSJr0j  than  blood  from  any  other  part  of  the  body,  50  c.c. 

„  S.0L c“  be  obtained-  This  “cess  of  CO,  is  present  chiefly 
NaHCO,  but  not  only  the  plasma,  but  the  corpuscles  also 
are  involved  in  transporting  it.  When  CO„  produced  in  the 
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tissues,  enters  the  blood,  the  amount  of  bicarbonate  increases. 
The  base  comes  from  the  alkali  salts  of  the  blood  proteins, 
albumin  of  the  plasma  or  hemoglobin  of  the  corpuscles.  In 
the  lungs,  where  the  blood  is  exposed  to  a  lower  C02  tension, 
C02  is  given  off  into  the  alveolar  air,  and  the  base  is  restored 
to  the  proteins  which  are  thus  reconverted  to  their  salts.  In 
spite  of  the  greatly  variable  amounts  of  C02  in  the  blood,  the 
pH  is  maintained  remarkably  constant  in  the  normal  person. 
If,  as  is  the  case  in  various  pathological  conditions,  such  as 
diabetes  and  nephritis,  acid  substances  accumulate  in  the  blood, 
they  will  neutralize  part  of  the  bicarbonate  present.  The 
amount  of  the  bicarbonate  is  called  the  “alkaline  reserve,” 
and  a  condition  in  which  it  has  been  reduced  in  amount  is 
known  as  acidosis.  This  may  be  either  of  the  “compensated” 
or  “uncompensated”  type.  In  the  former,  which  is  the  com¬ 
moner,  the  pH  of  the  blood  is  altered  only  very  slightly  from 
its  normal  value.  In  the  latter,  not  only  is  the  alkaline  reserve 
decreased,  but  the  pH  also  is  shifted  out  of  the  normal  range. 
The  degree  of  acidosis  is  determined  for  clinical  purposes  in 
various  ways.  Among  these  are  the  titration  of  the  alkali 
reserve,  the  determination  of  the  carbon  dioxide  combining 
power  or  content  of  the  blood,  the  tension  of  carbon  dioxide  in 
alveolar  air,  the  determination  of  the  pH  of  the  blood,  and 
the  amount  of  alkali  which  will  be  retained  by  the  body  if 
sodium  bicarbonate  is  given  the  patient.  Victor  Myers  gives 
the  following  figures  for  the  C02-combining  power  of  the 
plasma  per  100  c.c.  (See  Fig.  42,  total  C02  at  42  mm.) 


Normal  resting  adult 

Mild  acidosis,  no  visible  symptoms 

Moderate  acidosis 

Severe  acidosis,  symptoms  of  acid  intoxication  below 
Lowest  CO,  observed  with  recovery 


74-54  c.c. 
53-40 
40-31 
31 
16 


Van  Slyke  reported  that  the  maximum  normal  range  of  pH 
in  blood  of  normal  individuals  is  7.3-7.5,  and  Victor  Myers 
narrows  these  limits  to  7.35-7.45.  Van  Slyke  gives  the  maxi¬ 
mum  limits  compatible  with  life  as  7.0-7.8.  If  the  value  of 
7  is  approached,  coma  results,  while  variation  in  the  opposite 
direction,  toward  7.8,  usually  results  in  tetany.  The  main- 
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tenance  of  a  constant  pH  in  the  blood  is  thus  of  the  greatest 
importance  to  the  organism.  This  is  accomplished  by  the 
buffer  action  of  the  blood  bicarbonate,  proteins,  and  to  a 
smaller  extent,  the  phosphates. 

The  amounts  of  C02  and  02  which  will  be  carried  by  the 
blood  are  affected  in  each  case  by  the  amount  of  the  other  gas 
present.  If  the  blood  is  completely  oxygenated,  it  will  take  up 
less  C02  than  if  its  oxygen  content  is  low.  This  is  due  to 
the  fact  that  oxyhemoglobin  is  a  stronger  acid  than  hemo¬ 
globin  and  thus  will  give  up  its  base  less  readily  to  form 
carbonate  than  will  hemoglobin.  This  operates  to  the  advan¬ 
tage  of  the  organism,  for  in  the  lungs,  where  the  hemoglobin 


Bed  corpuscles 


Fig.  43. — The  formed  elements  of  the  blood. 


is  converted  into  oxyhemoglobin,  this  change  will  favor  the 
giving  off  of  C02  from  the  blood  and  thus  assist  in  removing 
it  from  the  body.  Conversely,  in  the  tissues,  where  oxygen 
is  removed  from  oxyhemoglobin,  the  less  strongly  acid  hemo- 
globin  will  give  up  its  base  more  readily  and  make  possible 
the  taking  up  of  more  CO*  from  the  tissues  where  it  is  pro¬ 
duced.  In  the  discussion  of  hemoglobin  in  the  chapter  on 
proteins  we  already  have  seen  that  acids  (such  as  CO.)  and 
salts  favor  the  dissociation  of  oxyhemoglobin,  so  that  an  in¬ 
crease  in  the  amount  of  C02  will  aid  in  the  giving  off  of  0 
in  the  tissues,  and  a  decrease  in  C02  such  as  occurs  during  the* 
passage  of  the  blood  through  the  lungs  will  favor  the  taking 
up  of  oxygen.  From  the  above  discussion  it  is  apparent  that 
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the  blood  is  exceedingly  well  adapted  to  fulfill  its  functions 
in  the  absorption  and  transfer  of  the  respiratory  gases,  and  is 
much  more  efficient  in  this  process  than  would  be  water  or  a 
simple  salt  solution.  For  a  discussion  of  the  physicochemical 
factors  involved  in  the  transfer  of  blood  gases  the  student  is 
referred  to  larger  or  more  specialized  works. 

The  transference  of  02  into,  and  of  C02  out  of,  the  blood  dur¬ 
ing  its  passage  through  the  lungs  has  been  much  studied  to  de¬ 
termine  whether  it  is  a  process  of  simple  diffusion.  It  is  evi¬ 
dently  diffusion. 


MecjeloblaSt  fl stem  cell ) 


d 

Poly  cK  ro  mat  i  c 
normoblast 


e 

Orthochromatic 

normoblast 


f 

Red 

blood  cell 


Fig.  44. — Origin  of  erythrocyte  from  megaloblast  in  red  bone  marrow.  The 
figures,  a  to  f,  show  successive  stages. 


The  white  corpuscles  are  true  cells,  and  possess  a  nucleus. 
They  can  move  about,  can  reproduce,  and  have  other  functions 
characteristic  of  living  cells  generally. 

The  red  corpuscles  are  living  but  contain  no  nuclei  in  mam¬ 
mals.  There  are  from  5-6  millions  per  cubic  millimeter  in  nor¬ 
mal  blood,  but  they  may  fall  to  one-half  that  number  in  certain 

diseased  conditions. 
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The  platelets  are  structures  derived  from  certain  cells  in 
red  bone  marrow  or  the  lungs.  They  play  an  important  pait  in 
the  clotting  of  the  blood.  It  has  been  reported  that  they  con¬ 
tain  nuclein,  but  this  has  been  contradicted. 

The  chief  plasma  proteins  are  serum  albumin,  a  and  (3  serum 
globulins  angiotonin  and  fibrinogen.  The  colloidal  osmotic 
pressure  of  the  blood  serum  in  mm.  H20  may  be  calculated 
from  the  formula :  60.1  albumin  +  22.9  globulin  -  50. 

The  blood  contains  various  enzymes  in  small  amounts,  e.g., 
amylase  (acts  on  glycogen),  a  glycolytic  enzyme  (acts  on  glu¬ 
cose),  lipase,  proteolytic  enzymes,  invertase,  and  phosphatase, 
the  amount  of  which  is  increased  in  rickets,  jaundice,  osteitis 
deformans,  and  hyperparathyroidism. 


Male  Female 


Ihe  percentage  of  hemoglobin  is  very  variable.  The  average 
as  given  by  English  workers  is  quite  low,  whereas  that  of  the 
Swiss  is  higher.  This  may  be  due  to  the  fact  that  at  high  alti¬ 
tudes  there  is  compensated  overproduction  of  hemoglobin  with 
a  reduction  of  partial  pressure  of  oxygen.  The  average  is  15.8% 
or  men  and  13.8%  for  women  but  varies  markedly  with  age 
(see  Fig.  45).  Newcomer  examined  five  hundred  melts  of  glass 
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made  by  the  Corning  Glass  Works  to  imitate  acid  hematin,  and 

ausch  and  Lomb  developed  a  glass  standard  to  measure  the 
hemoglobin  content  of  blood.  Some  difficulties  arose  in  the  colors 
not  being  identical,  so  that  finally  when  all  of  the  original  glass 
was  used  up  a  new  melt  was  made.  This  was  compared  with 
acid  hematin  in  only  part  of  the  spectrum  (with  crudely  mono¬ 
chromatic  light  made  by  passing  light  through  a  blue  glass). 
The  tan  glass  was  standardized  by  five  universities  and  is 
perhaps  the  most  reliable  glass  standard.  Sealed  solutions  of 
acid  hematin  gradually  fade ;  in  fact,  they  are  not  pure  acid- 
hematin,  which  is  insoluble  and  must  have  the  denatured  globin 
to  keep  it  in  solution.  Hemoglobin  solutions  may  be  com¬ 
pared  directly  in  the  colorimeter,  but  hemoglobin  crystals 
cannot  be  dried  in  order  to  weigh  them  without  some  change 
to  methemoglobin.  Hemoglobin  may  be  compared  with  a 
glass  standard  provided  monochromatic  light  is  obtained  by 
using  color  filters.  In  this  case  the  light  should  fall  in  the 
middle  of  the  oxyhemoglobin  absorption  band.  The  only  ad¬ 
vantage  over  the  use  of  acid  hematin  with  the  glass  standard 
is  that  thirty  minutes  are  required  for  complete  conversion  of 
hemoglobin  to  acid  hematin. 

Carbonic  acid  from  the  blood  must  be  changed  to  C02  in 
order  to  allow  it  to  pass  out  through  the  lungs.  This  process 
is  aided  by  an  anhydrase  which  speeds  up  the  change  of  car¬ 
bonic  acid  to  carbon  dioxide.  Heymans  claims  that  carbon 
dioxide  unites  directly  with  hemoglobin,  forming  a  carl  amino 
compound.  A  union  of  hemoglobin  with  carbon  dioxide  had 
been  postulated  by  earlier  workers.  The  question  is  not  yet  set¬ 
tled.  Hemoglobin  acts  as  a  carbon  dioxide  carrier  mainly  by 
competition  with  carbon  dioxide  for  the  base,  potassium,  the 
carbon  dioxide  in  the  tissue  decomposing  potassium  hemo- 
globinate  to  form  potassium  bicarbonate.  The  HC03  ion  then 
diffuses  into  the  plasma  and  the  chlorine  ion  enters  the 
corpuscle.  This  diffusion  merely  allows  a  larger  volume  for 
the  solution  of  the  bicarbonate.  It  has  no  more  effect  on  the 
total  carrying  power  than  the  diffusion  of  an  ion  in  a  one 
phase  system,  for  instance.  The  corpuscles  might  be  consid¬ 
ered  solid  pieces  of  potassium  hemoglobinate  which  are  decom- 
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posed  by  carbon  dioxide  to  form  potassium  bicarbonate  and 
hemoglobin,  the  HCOs  ions  then  diffusing  away  from  the  solid 
pieces  of  hemoglobin.  This  chloride  shift,  however,  explains 
changes  in  the  chloride  content  of  the  same  plasma  on  different 
analyses  (if  arterial  blood  is  taken  in  one  case  and  venous  in 
the  other)  and  also  explains  the  differences  in  the  alkali  reserve 
(which  has  a  reciprocal  relation).  The  chloride  content  of  the 
plasma  is  much  higher  than  that  of  the  corpuscle,  the  diffusion 
of  chloride  ions  into  the  corpuscle  being  prevented  by  electric 
forces  unless  some  other  ion  passes  in  such  a  way  as  to  com¬ 
pensate  for  the  electric  charge ;  thus  either  a  negative  ion  must 
leave  the  corpuscle  when  the  chloride  ion  enters  or  a  positive 


Fig.  46.  Ratio  of  impedance  of  blood  to  impedance  of  serum.  (Journal 

of  Biological  Chemistry.) 


ion  must  go  in  with  the  chloride  ion,  but  apparently  the  only 
positive  ion  which  can  enter  is  hydrogen  ion,  and  it  is  so  low 
in  concentration  that  it  could  not  accompany  many  chloride 
ions.  The  plasma  membrane  of  the  erythrocyte  is  impermeable 
t°  Na  and  K  ions  and  its  electric  conductivity  is  very  low 
(Fig.  46) ;  in  fact,  it  acts  as  an  electric  condenser  (Fig.  47-). 

The  buffer  action  of  the  plasma  proteins  is  shown  in  the 
titration  curve  in  Fig.  48. 

The  carbon  dioxide  content  of  arterial  blood  is  45-55  vol¬ 
umes  per  cent,  and  of  mixed  venous  blood,  54-74  volumes  per 
cent.  Whereas  blood  can  carry  sufficient  carbon  dioxide  as 
icar  onate,  C02  could  not  leave  a  bicarbonate  solution  without 
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greatly  increasing  the  pH,  whereas  the  actual  change  in  pH 
is  very  small  (Fig.  49).  The  action  of  hemoglobin  and  oxy¬ 
hemoglobin  described  above  explains  the  low  change  in  pH  dur¬ 
ing  the  respiratory  cycle.  An  alternative  explanation  is  that 
C02  unites  directly  with  hemoglobin  (as  a  carbamino  com¬ 
pound  ) . 


Pig'.  47. — Diagram  of  specific  dielectric  and  conductivity  characteristics 
of  plasma  membrane  or  cell  surface  of  the  erythrocyte.  The  capacity  in 
micromicro-farads  of  the  plasma  membrane  is  given  together  with  its  resist¬ 
ance  in  ohms,  as  parallel  circuits.  The  resistance  of  the  cell  interior  is  given 
in  ohms  in  series  with  the  plasma  membrane. 


Fie  48. — Titration  curve  of  carbonate-free  blood  plasma.  (Journal  of  Bio- 

logical  Chemistry.) 

The  acid-soluble  phosphate  in  the  blood  plasma  is  only  3-4 
mg.  P  per  100  c.c.,  but  a  little  higher  in  children  (6.5  mg.  at  5 
months).  It  is  lowered  in  rickets  and  hyperparathyroidism. 
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The  solubility  product  [Ca++]  x  [HP04"  “]  tends  to  be  con¬ 
stant  and,  hence,  when  the  acid-soluble  P  decreases  there  should 
be  an  increase  in  calcium,  which  is  apparently  what  takes  place 
in  hyperparathyroidism. 

The  total  calcium  of  serum  is  about  10  mg.  per  100  c.c.  and 
is  lowered  in  tetany  and  in  osteoporosis,  also  in  severe  ne¬ 
phritis  and  after  parathyroidectomy.  It  is  lowered  by  inject¬ 
ing  phosphate  into  the  blood. 
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Fig.  49.— Relation  of  pH  and  bicarbonate  of  blood  to  CO:-pressure  of  alveolar 
air  in  the  lungs.  (Science  81:  569,  1935.) 


There  are  2-3  mg.  magnesium  per  100  c.c.  serum. 

There  are  330  mg.  sodium  per  100  c.c.  serum  and  what  is  not 
sodium  bicarbonate  is  mostly  chloride  although  there  is  a  little 
lactate  in  normal  serum  and  more  after  heavy  exercise  and 
some  /Miydroxybutyrate  in  diabetes.  There  is  only  ^bout 
lb-2^  mg.  of  potassium  per  100  c.c.  serum. 
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Table  VIII  gives  the  components  and  total  base. 


Table  VIII 


Serum  or  Plasma,  6-8%  protein,  3.6-5.4%  albumin,  1.5-3.4  globulin 

milliequivalents  per  liter 


Cations 


Na* 

140.2 

K* 

4.5 

Ca** 

5.2 

Mg+  + 

2.3 

152.2 


Anions 


ci- 

104.0 

HCO,- 

28.5 

hpo4-  - 

2.2 

so4-- 

0.5 

Protein 

15.0 

Lactic,  etc. 

2.0 

152.2 

Corpuscles,  37%  protein 


Na+ 

16.5 

K+ 

82.5 

Ca*  + 

0.2 

Mg*  * 

5.0 

104.2 


ci- 

50.0 

hco3- 

20.0 

HPOr  - 

2.0 

so4-- 

0.2 

Protein 

32.0 

104.2 


Osmotic  Pressure. — The  osmotic  pressure  of  the  blood  influ¬ 
ences  the  passage  of  water  to  and  from  the  cells.  It  is  kept 
at  a  uniform  level  by  the  kidneys,  which  excrete  excessive 
amounts  of  salts,  urea,  and  sugar.  These  substances  are  the 
main  factors  in  determining  the  osmotic  pressure  of  the  blood. 
The  average  depression  of  the  freezing  point  in  mammalian 
blood  is  — 0.6°.  Na  salts  account  for  most  of  the  osmotic 
pressure.  Red  blood  corpuscles  or  tissue  cells  may  be  kept 
for  a  while  in  1%  NaCl  solution  which  has  about  the  same 
osmotic  pressure  as  the  blood. 

Blood  volume  averages  5  liters  but  was  increased  about  1 
liter  on  eating  a  pound  of  glucose  (Fig.  50). 

If  distilled  water  is  injected  into  the  blood,  the  corpuscles 
are  hemolyzed  and  destroyed,  but  a  1%  NaCl  solution  or  Ring¬ 
er’s  fluid  (which  is  an  attempt  to  make  up  the  same  salts  as  in 
the  blood  plasma)  may  be  used  without  destroying  the  corpus¬ 
cles.  If  a  muscle  is  bathed  in  a  large  volume  of  pure  NaCl 
solution,  it  will  start  to  twitch,  but  the  Ca  in  Ringer’s  fluid 
tends  to  inhibit  twitching.  This  does  not  mean  that  there  is  1% 
NaCl  or  its  equivalent  in  total  chlorides  in  the  blood  plasma.  If 
muscles  are  placed  in  NaCl  solution  of  the  same  osmotic  con¬ 
centration  as  blood,  Cl  ions  pass  into  the  muscle  (probably  in 
exchange  for  HCOa  ions  coming  out  of  the  muscle).  It  seems 
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probable  that  the  Cl',  HCOs-  ionic  exchange  between  plasma 
and  corpuscles  takes  place  between  all  body  cells  and  the  fluids 
bathing  them.  One-fourth  of  the  osmotic  pressure  in  the  blood 
plasma  is  made  up  by  sodium  bicarbonate. 

A.  B.  Macallum  has  shown  that  geologically  there  is  a  re¬ 
lation  between  sea  wrater  and  the  blood  plasma,  and  he  calcu¬ 
lated  that  during  the  Cambrian  period  the  sea  had  about  the 
same  salts  in  it  as  the  blood  plasma  has  now  and  this  relation¬ 
ship  might  explain  our  inherited  need  for  NaCl.  According  to 
him,  the  blood  plasma  is  just  a  little  sea  in  which  the  body  cells 
live.  When  our  ancestors  ceased  marine  life  and  walked  out 
on  dry  land  they  brought  a  little  of  the  sea  water  with  them. 


Fig.  50.— Blood  volume  (light  curves)  and  blood  sugar  (heavy  curves)  after 
taking  insulin  or  glucose,  based  on  original  values  a?  100 . 


Coagulation  of  the  Blood. — An  enormous  amount  of  labor 
has  been  expended  to  clear  up  the  mechanism  of  blood  clotting. 
The  results  are  still  far  from  conclusive.  Clotting  is  a  protec¬ 
tive  device  to  prevent  excessive  loss  of  blood  after  injury.  If 
blood  is  drawn  and  allowed  to  stand,  it  sets  to  a  jellylike  mass. 
On  standing,  a  yellow  liquid  is  pressed  out.  This  is  called  the 
serum.  It  differs  from  plasma  in  that  it  does  not  contain 
bnnogen,  for  in  clotting,  fibrinogen  is  converted  into  the  insol¬ 
uble  fibrin.  This  fibrin  forms  a  fine  meshwork  in  which  the 
corpuscles  are  entangled.  Contact  with  foreign  bodies  or  with 
the  injured  tissue  hastens  clotting.  Blood  platelets  and  calcium 
play  a  role  in  the  clotting  process.  In  the  process  of  clotting 
a  new  substance,  thrombin,  appears. 
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The  following  summary  of  the  steps  involved  in  clotting  is 
perhaps  the  most  satisfactory  explanation  thus  far  advanced. 
Since  clotting  does  not  occur  normally  in  blood  circulating  in 
the  blood  vessels,  some  one  or  more  of  the  substances  involved  in 


cl  _ Circulation  of  lymph.  The  lymph  from  the  intestine  and  the 

^extremities  passes  to  the  cisterna  chyli  and  then  through  the  thoracic 
lower  e  subclavian  vein  after  mixing  with  lymph  from  the  left  arm 

and  the  felt  sfdfof  the  head.  The  lymph  from  the  right  arm  and  right 
side  of  the  head  enters  the  right  subclavmn  vein. 


clotting  must  be  absent  from  such  blood,  or  be  held  m  check 
or  in  an  inactive  form.  This  substance  is  considered  to  be 
thrombin.  When  blood  is  shed,  as  in  injury,  the  blood  platelets 
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or  tissues  yield  cephalin-protein  which  combined  with  calcium 
changes  prothrombin  to  thrombin.  Thrombin  acts  on  fibrinogen, 
which  is  converted  into  the  insoluble  fibrin.  Fibrin  is  said  to 
contain  a  protein,  cephalin  and  calcium.  Thrombin  probably 
contains  cephalin  and  calcium.  The  cephalin  probably  comes 
from  platelets  or  from  tissue  cells  if  the  latter  are  injured. 

Vitamin  K  is  necessary  for  the  liver  to  make  prothrombin  but 
3, 3 'methylene-bis(  4-hydroxy  coumarin)  will  displace  vitamin  K 
in  the  liver.  Also  heparin  exists  in  normal  blood  and  acts  as  an 
antiprothrombin. 

Clotting  can  be  prevented  by  conditions  which  prevent  the 
destruction  of  platelets  and  hence  lessen  the  available  cephalin, 
and  also  by  substances  that  precipitate  calcium,  such  as  0.1%  of 
a  soluble  oxalate  citrate,  or  0.15%  fluoride  or  0.5  per  cent  soluble 
soap.  Also  by  unknown  substances  from  the  heads  of  leeches, 
snake  venoms,  and  heparin.  The  fact  stressed  by  Mills  is  that 
fibrinogen  may  be  clotted  by  extracts  of  lung  tissue,  and,  as 
a  rule,  proteins  have  been  considered  different  when  they 
arise  from  different  sources.  Therefore,  prothrombin,  a  blood 
protein,  is  considered  different  from  Mills’  tissue  coagulant.  No 
difference  has  been  found  in  the  fibrin  formed,  which  would  in¬ 
dicate  either  that  there  are  no  detectable  differences  between 
thrombin  and  the  tissue  coagulant  or  that  fibrin  is  not  a  com¬ 
bination  of  fibrinogen  and  the  coagulating  agent.  The  fact 
that  thrombin  can  be  removed  from  fibrin  does  not  settle  the 
question  because  the  fact  that  a  combination  can  be  decom¬ 
posed  is  no  argument  against  its  being  a  true  compound.  The 
main  difference  between  fibrin  and  fibrinogen  is  that  (although 
both  are  capable  of  existing  in  the  sol  or  gel  stage)  the  fibrin 
is  less  soluble  than  fibrinogen.  Of  the  other  globulins  in  the 
blood  plasma,  euglobulin  is  less  soluble  than  pseudoglobulin. 
Chick  claims  that  the  difference  between  euglobulin  and  pseudo- 
g  obulin  is  that  euglobulin  is  a  lecithoprotein,  and  if  the  leci¬ 
thin  is  broken  off,  pseudoglobulin  with  increased  solubility  is 


Pathological  Blood.  In  diabetes,  blood  sugar  is  high  in 
nephritis  the  amount  of  uric  acid  first  increases,  later  that  of 

Sin  that  °f  Wh»  —  albumin 

tails  below  2.5%  edema  occurs.  Bilirubin  increases  in  jaundice, 
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guanidine  in  eclampsia  and  chloroform  poisoning,  cholesterol 
in  myxedema,  uric  acid  (5-15  mg.)  in  gout.  Folin  gives  the 
following  analyses  of  increasingly  severe  renal  insufficiency. 


Table  IX 


MG. 

PER  100  C.C. 

WHOLE 

BLOOD 

Total  nonprotein  N 

39 

65 

78 

107 

144 

267 

258 

Uric  acid 

4.2 

4.5 

4.7 

4.8 

6.4 

13.6 

12.0 

Creatinine 

1.8 

2.0 

3.0 

7.7 

7.2 

12.9 

16.0 

Urea  N 

13 

49 

49 

60 

91 

174 

193 

Amino  acid  N 

5.0 

6.4 

4.5 

5.8 

7.6 

8.4 

7.3 

Lymph  and  Spinal  Fluid  are  filtrates  of  the  blood  and  under 
ordinary  circumstances  do  not  contain  erythrocytes.  Lymph 
from  different  parts  of  the  body  may  be  different  in  composi¬ 
tion;  that  coming  from  the  muscles  is  very  low  in  protein  or 
protein-free,  whereas  that  coming  from  the  liver  contains  the 
proteins  of  blood  plasma.  That  coming  from  the  intestine  con¬ 
tains  in  addition  various  absorped  food  products,  particularly 
fat.  Spinal  fluid  is  ordinarily  protein-free.  It  is,  in  fact,  an 
ultrafiltrate  of  the  blood,  the  ultrafilter  being  the  choroid 
plexus  in  the  brain,  the  spinal  fluid  flowing  into  the  sub¬ 
arachnoid  spaces  and  central  canal  of  the  spinal  cord  from  the 
ventricles  of  the  brain.  It  may  vary  in  composition  from  an 
ultrafiltrate  of  blood  due  to  the  utilization  of  some  of  its  con¬ 
stituents  by  the  central  nervous  system  or  by  the  addition  of 
constituents  from  the  central  nervous  system.  In  many  ways 
it  is  much  easier  than  blood  in  chemical  analyses  because  of 
its  simpler  composition. 


CHAPTER  XIV 
OTHER  TISSUES 


Although  the  substances  occurring  in  the  different  tissues  have 
been  discussed  under  the  various  groups  of  which  they  are 
members,  it  may  be  useful  from  the  student’s  point  of  view  to 
include  here  a  brief  summary  or  survey  of  some  of  the  im¬ 
portant  tissues,  and  to  discuss  some  additional  points  of  interest. 

Muscle. — The  muscles  make  up  about  %  of  the  body  weight 
in  adults.  They  contain  about  18-20%  protein,  72-78%  water 
and  from  0.15-0.3%  of  glycogen.  If  muscle  tissue  is  subjected 
to  a  very  high  pressure,  a  liquid  known  as  the  plasma  is  squeezed 
out.  This  represents  about  60%  of  the  total  muscle  weight. 
The  remaining  material  is  called  the  stroma.  The  plasma  has 
the  power  of  clotting.  The  chief  proteins  of  the  plasma  are 
myosin  and  myogen.  Myosin  is  said  to  be  an  enzyme  (adenosine 
triphosphatase).  Until  recently  most  authors  have  considered 
myogen  to  be  the  mother  substance  of  myosin.  This  has  been 


disputed,  however;  it  is  an  albumin  but  there  is  also  myoalbu- 
min.  The  stroma  contains  a  protein  resembling  an  albu¬ 
minoid.  In  addition  to  the  above  substances,  muscle  con¬ 
tains  various  extractives  and  salts,  such  as  carnosine,  anserine, 
f  leatine,  urea,  inositol,  taurine,  and  also  some  lipins.  After 
activity,  particularly  if  the  muscle  supply  of  blood  or  oxygen 
is  low,  lactic  acid  is  found.  This  is  believed  to  be  a  product 
of  the  splitting  of  lactacidogen,  hexose  phosphate.  The  lactic 
acid  may  be  oxidized,  or  rebuilt  into  carbohydrate.  Meyerhof 
has  demonstrated  that  only  a  portion  of  the  lactic  acid  pro¬ 
duced  from  glycogen  is  oxidized.  About  54  of  it  is  reconverted 
into  glycogen,  probably  by  way  of  glucose  phosphate  during 
the  period  of  recovery  after  contraction;  the  remaining  %  is 
oxidized  to  C02  and  water. 

The  important  property  of  muscle  is  its  power  of  contract- 

g.  The  process  has  been  extensively  studied,  but  as  yet  it  is 

up  anToo  unde“  Heat  is  Ub^ed,  glucose  is  used 

« :  e  t  ruv?  r  •hrri 
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disappears,  C02  is  given  off,  and  relaxation  follows.  If  the 
acid  is  not  removed,  cramps  or  rigor  result.  It  has  been 
sUo&csted  that  the  swelling  of  the  fibers  is  caused  by  taking  up 
water  under  the  influence  of  acid,  since  proteins  swell  in  acid 
solution.  The  shortening  may  be  due  to  folding  of  the  poly¬ 
peptide  chains. 

A  great  deal  of  interest  has  centered  around  the  chemistry  of 
muscle  activity,  and  the  factors  involved  in  the  control  of  the 
blood  supply  to  the  muscles.  Studies  of  the  respiratory  ex¬ 
change,  the  composition  of  the  blood  and  the  changes  taking 
place  in  excised  muscles  under  various  conditions  all  have  con¬ 
tributed  to  our  information,  but  many  of  the  problems  coimected 
with  muscle  contraction  are  still  unsolved. 

During  activity  the  blood  supply  to  the  muscles  is  greatly 
increased.  This  is  brought  about  by  increased  heart  action 
and  by  dilation  of  the  blood  vessels  in  the  muscles  themselves. 
Even  during  rest  a  state  of  tonus  exists,  and  CO,  is  produced 
and  02  consumed.  Indeed  this  is  the  case  even  if  the  nerve 
supply  is  cut  so  that  the  muscle  loses  its  tone.  During  contrac¬ 
tion,  the  amounts  of  C02  and  02  are  very  greatly  increased.  In 
vigorous  activity  adrenaline  secretion  from  the  adrenal  glands 
is  augmented,  resulting  in  increased  vasomotor  tone,  and  break¬ 
ing  down  of  liver  glycogen  (see  section  on  metabolism  of  carbo¬ 
hydrates)  . 

The  production  of  acid  has  also  an  effect  on  the  muscles  them¬ 
selves,  a  dilation  of  the  arterioles  and  capillaries.  If  the  sup¬ 
ply  of  02  is  adequate,  lactic  acid  disappears  very  quickly. 
An  excised  muscle  which  of  course  is  not  receiving  any  repair 
material  may  be  made  to  contract  many  times.  The  oxidation 
of  1  gram  of  lactic  acid  yields  3.7  calories,  whereas  0.37  calories 
are  said  to  be  produced  in  a  muscle  while  1  gram  of  lactic  acid 
disappears  and  an  additional  0.37  when  1  g.  lactic  acid  is  pro¬ 
duced.  This  latter  may  be  transformed  into  work.  This  is  due 
to  y5  of  the  lactic  acid  being  burned,  the  remainder  is  changed 
back  to  glucose  phosphate. 

If  a  muscle  is  tetanized  (caused  to  contract  about  50  times 
a  second),  the  amount  of  lactic  acid  increases,  and  the  muscle 
does  not  respond  so  well  to  the  stimuli.  If  the  circulation  is 
vigorous,  however,  the  muscle  regains  its  activity.  Fatigue  is 
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thus  due  to  the  lactic  acid  and  perhaps  other  substances  which 
accumulate  in  the  cells  during  contraction.  Smooth  muscle 
may  maintain  a  contraction  without  expenditure  of  energy,  and 
the  smooth  muscles  are  not  susceptible  to  fatigue  (catch  mech¬ 
anism). 

Whereas  muscle  contraction  is  accompanied  by  the  appear¬ 
ance  of  lactic  acid,  it  is  interesting  that  the  greater  part  of 
the  oxygen  consumed  is  used  up  after  the  period  of  contraction. 
Also  the  heat  production  lasts  much  longer  than  the  contrac¬ 
tion,  so  it  appears  that  the  contraction  is  not  directly  caused 
by  the  oxidation  process  but  the  latter  restores  the  muscle  to 
its  resting  state. 


During  muscular  activity,  the  amount  of  muscle  glycogen  is 
greatly  reduced.  It  is  generally  considered  that  it  is  converted 
into  glucose,  which  is  oxidized  with  the  liberation  of  energy. 
There  is  good  evidence,  however,  for  believing  that  the  cells 
can  burn  other  things,  for  example,  fats. 

Although  much  work  has  been  done  upon  muscle  we  are  still 
in  the  dark  as  to  the  cause  of  muscular  contraction.  It  was 
shown  by  McClendon  that  the  electric  conductivity  of  muscle 
increased  during  contraction,  and  this  has  been  confirmed 
by  M.  Dubuisson.  The  fact  that  it  has  been  shown  that 
potassium  cannot  leave  the  resting  muscle  cell  indicates 
that  ordinarily  it  shows  the  semipermeability  of  other  cells. 
Both  colloidal  swelling  and  increase  in  osmotic  pressure  have 
been  advanced  to  explain  the  contraction.  Changes  in  sur¬ 
face  tension  have  also  been  used  for  theoretical  purposes,  but 
it  has  been  shown  that  in  order  to  get  sufficient  power  the  sur¬ 
faces  must  be  very  numerous,  and  hence  it  was  postulated  that 
surfaces  of  theoretical  micelli  are  the  seats  of  the  changes. 
Changes  in  acidity  were  supposed  to  affect  colloidal  swelling 
ut  they  might  also  affect  osmotic  pressure  or  surface  tension. 

matL8ieneraf"n  aCC6p^d’  the  ehemical  changes  may  be  sura- 
ma nzed  as  follows:  Hexose  diphosphate  breaks  up  into  two 

molecu  es  of  triose  phosphate  and  then  may  have  either  one  or 

wo  paths  of  transformation.  Either  triose  phosphate  changes 

to  lactic  acid  or  it  changes  to  phospho-glyceric  acid  then 

(with  breaking  off  of  the  phosphate)  to  pyruX  acid  S 

back  to  triose  phosphate.  If  the  muscle  is  poisoned  by  fluor 
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ide,  formation  of  phospho-gly  ceric  and  pyruvic  acid  are  in¬ 
hibited,  whereas  if  the  muscle  is  poisoned  with  iodoacetic  acid, 
formation  of  lactic  acid  is  inhibited,  and  in  this  way  the  two 
pairs  of  transformations  can  be  separated  for  study.  Besides 


hexosediphosphoric  acid 

i 

2  triosephosphoric  acid 

l  m  i 

glycerophosphoric  a.  phosphoglyeeric  a. 

I  1 

rm:uvic  a.  H3PO4 
triosephosphoric  acid  lactic  acid 


combination  with  carbohydrates  and  their  derivatives,  phos¬ 
phoric  acid  combines  with  creatine  and  adenosin.  In  one  analy¬ 
sis  of  frogs’  muscle  there  was  0.45%  creatine  phosphoric  acid 
and  0.25%  adenosin  tri-phosphoric  acid.  The  mechanism  of 
the  contraction  is  not  known.  Which  of  these  four  combina¬ 
tions  of  phosphoric  acid,  that  is,  glycero-phosphate,  phospho- 
glyceric  acid,  creatine  phosphoric  acid,  or  adenosin  tri-phos¬ 
phoric  acid,  is  the  most  closely  related  to  the  contraction  process 
or  whether  lactic  acid  is  the  immediately  essential  substance,  as 
was  formerly  believed,  is  not  known.  Creatine  phosphoric  acid 
is  the  mode  of  occurrence  of  creatine  in  muscle. 

Brain  and  Nerves. — Brain  and  nerve  substance  makes  up  a 
far  smaller  proportion  of  body  weight  than  do  the  muscles,  but 
the  primary  importance  of  this  kind  of  tissue  is  obvious.  The 
brain  and  nerves  are  the  directing  mechanism  which  controls 
the  body  activities.  In  higher  animals,  particularly  in  man 
where  intelligence  is  at  the  maximum,  the  brain  is  relatively 
larger  than  in  lower  forms.  The  composition  of  brain  and  nerve 
tissue  is  thus  of  great  interest.  This  kind  of  tissue  contains 
less  protein  than  the  muscles.  Gray  matter  contains  85+% 
water,  white  matter  70+%  water.  The  characteristic  fact  in 
the  composition  of  brain  and  nerve  tissue  is  the  presence  of 
large  quantities  of  alcohol-ether  soluble  substances.  These  in¬ 
clude  cholesterol,  phospholipins,  cerebrosides,  but  almost  no  neu¬ 
tral  fat,  possibly  none  at  all.  The  principal  phospholipins  are 
lecithin,  cephalin  and  sphingomyelin ;  of  the  cerebrosides  the 
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most  important  are  phrenosin,  kerasin,  and  nervon.  Various 
extractives  also  are  found,  such  as  creatine,  inositol,  purine 
bases,  lactic  acid  and  other  substances.  Glycogen  is  present 
(12-36  mg.  per  100  g.)  but  is  not  stored  in  the  brain  in  an  avail¬ 
able  form  as  in  the  liver  and  muscles. 

The  brain  and  nerves  show  a  vigorous  oxidative  metabolism, 
using  02  and  producing  C02.  Brain  is  very  sensitive  to  lack 
of  oxygen,  and  quickly  ceases  functioning  properly  if  the 
oxygen  supply  is  cut  off. 

The  brain  was  studied  by  Thudichum  and  Waldemar  Koch 
but  their  studies  were  mainly  on  the  phospholipins,  cerebro- 
sides  and  other  so-called  lipoids.  The  brain  has  the  highest 
content  of  cholesterol  of  any  organ  except  the  adrenal  cortex. 
It  contains  also  dihydro-cholesterol.  The  fact  that  during 
epileptic  attacks  there  may  be  a  high  cholesterol  content  of 
the  blood  was  supposed  to  show  that  brain  cholesterol  was  con¬ 
cerned.  Phospholipins  and  cerebrosides  are  also  rather  con¬ 
centrated  in  brain  tissue.  The  average  molecular  weight  of 
the  fatty  acids  from  brain  is  higher  than  that  of  acids  from 
other  organs.  Brain  phospholipins  contain  acids  of  an  even 
number  of  carbon  atoms  from  C16-C24,  particularly  unsaturated 
acids  of  C22  series.  During  epileptic  attacks  the  blood  phos- 
pholipin  ratio  also  rises.  In  Gaucher's  disease  cerebrosides 
gorge  the  cells  of  spleen  and  liver,  but  it  is  not  known  that 
this  has  anything  to  do  with  brain  physiology.  The  cho¬ 
lesterol  and  phospholipins  and  cerebrosides  in  the  myelin 
sheaths  in  the  nerves  have  to  do  with  the  insulation  of  the 

nerve  impulse  so  that  it  does  not  jump  over  to  a  parallel 
neuraxon. 


Dehydration  and  ketogenic  diets  prevent  epileptic  attacks. 
Morphine  leads  to  dehydration  of  the  brain  and  other  tissues. 

udden  withdrawal  of  morphine  produces  edema  of  the  brain 
and  other  tissues. 

fiCOnta“S  sma11  amounts  of  glycogen,  and  when 
yg  n  is  deficient  lactic  acid  accumulates.  Relatively  lar<*e 

“ ?„  1h'TM  in  tha  brai“-  Of  the  redoing  sub 

proteins  Orlr ' T*"86  be  assoeiated  with  nucleo- 
rest  creatinine  account  for  much  of  the 

est.  Galactose  occurs  only  in  cerebrosides.  Lactic  acid 
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hexose-  mono-phosphoric  acid,  methyl-glyoxal,  succinic  acid, 
acetaldehyde,  ethyl  alcohol,  glycero-phosphoric  acid,  and  py¬ 
ruvic  acid  in  the  brain  may  be  considered  carbohydrate  meta¬ 
bolic  products.  The  brain  absorbs  glucose  and  lactic  acid  from 
the  blood  stream.  If  sodium  lactate  is  added  to  brain  tissue 
removed  from  the  body  it  keeps  up  the  respiration  provided 
oxygen  also  is  present.  It  can  use  pyruvate  or  glucose  but 
not  fructose.  The  brain  is  very  sensitive  to  lack  of  oxygen 
but  a  nerve  impulse  may  travel  and,  as  Gerard  has  shown, 
give  out  heat  with  lack  of  oxygen,  the  anaerobic  respi¬ 
ration  being  maintained  by  the  store  of  oxidized  glutathione. 
The  brain  of  a  diabetic  patient  is  capable  of  converting  glucose 
to  lactic  acid,  as  in  a  normal  person.  If  the  oxygen  is  cut  off, 
the  medulla  shows  the  greatest  accumulation  of  lactic  acid, 
and  the  cerebral  hemisphere  the  least,  these  different  parts 
ranging  from  50-70  mg.  of  lactic  per  100  g.  of  brain  tissue. 
Gessell  showed  that  lactic  acid  in  the  respiratory  center  ac¬ 
counted  for  stimulation  of  respiration  by  lack  of  oxygen.  The 
brain  receives  a  very  abundant  blood  supply,  being  exceeded, 
however,  by  the  thyroid  gland. 

The  cerebellum  contains  25  mg.  vitamin  C  per  100  g.  The 
brain  cannot  function  properly  without  cocarboxylase,  of  which 
vitamin  Bx  is  a  component. 

Bones  and  Teeth. — The  bones  and  teeth,  which  form  the 
solid  structural  portions  of  the  body,  are  composed  of  both  or¬ 
ganic  and  inorganic  material.  The  bones  are  living  tissue,  and 
their  cells  have  a  metabolism  just  as  any  other  cells.  About 
60%  of  bone  tissue  is  organic  material,  largely  the  protein,  ossein 
(collagen).  There  also  is  some  mucoid,  osseomucoid.  In  the  hol¬ 
low  bones  marrow  is  found,  and  this  material  contains  much  fat. 
There  are  two  kinds  of  marrow,  yellow  and  red,  the  red  con¬ 
taining  many  red  corpuscles.  In  the  bones  extensive  amounts 
of  inorganic  material  are  found,  chiefly  salts  of  calcium  of 
the  apatite  series.  Bone  ash  has  approximately  the  fol¬ 
lowing  composition:  fluorapatite  10%,  chlorapatite  10 /o, 

dahllite  70%,  magnesium  phosphate  1.6%,  iron  oxide  0.1%. 

The  teeth  (Fig.  41)  are  composed  of  three  materials:  enamel, 
dentin,  and  cement.  The  enamel  is  the  hardest  substance  in  the 
body  and  contains  only  about  0.5%  of  water  and  about  96%  o 
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minerals  of  the  apatite  series.  Dentin  and  cement  are  of  about 
the  same  composition  as  bone. 

Dentin  contains  26-28%  of  organic  material.  This  yields 
gelatin  on  boiling,  and  is  therefore  collagen.  Cement  is  prac¬ 
tically  identical  with  bone  in  composition  and  structure. 
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Much  work  is  needed  to  clear  up  the  causes  of  dental  caries 

Bose  considered  tooth  decay  to  be  connected  with  a  deficient 
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supply  of  calcium  salts.  Recent  work  has  brought  out  the  ap¬ 
parent  connection  between  the  vitamins,  A,  C  and  D,  and 
the  teeth.  Degenerative  changes  in  the  teeth  have  been  re¬ 
ported  as  the  first  effect  of  a  shortage  of  C  in  the  diet.  Vita¬ 
min  D  and  phosphate  in  the  diet  are  necessary  for  proper 
growth  of  teeth  and  vitamin  A  for  the  enamel. 

The  problem  of  dental  caries  is  now  being  approached  by 
careful  scientific  methods.  Unfortunately  much  of  the  pub¬ 
lished  material  on  this  subject  is  of  little  or  no  value.  As  evi¬ 
dence  accumulates,  it  becomes  apparent  that  dietary  factors 
are  of  primary  importance  in  the  development  and  main¬ 
tenance  of  sound  teeth.  Calcium  and  phosphorus  are  of  course 
necessary,  as  calcium  phosphate  is  the  chief  inorganic  con¬ 
stituent  of  the  teeth.  McCollum  observed  220  rats  on  deficient 
diets.  When  calcium,  vitamin  D,  and  protein  were  present  in 
inadequate  amounts,  or  when  the  protein  was  of  inferior  qual¬ 
ity,  that  is,  was  deficient  in  certain  necessary  amino  acids,  the 
largest  percentage  of  oral  defects  was  observed ;  the  next  larg¬ 
est  number  occurred  when  the  diet  was  deficient  in  calcium. 
No  calcium  compounds  free  from  fluorine  have  been  obtained. 
May  Mellanby  has  made  an  extensive  study  of  the  wonderful 
improvement  in  the  teeth  resulting  from  high  viosterol  intake. 

P.  R.  Howe  fed  guinea  pigs  for  six  to  twelve  months  on 
diets  high  in  starch  and  sugar.  Although  the  oral  flora  became 
acid-forming  in  character,  no  ill  effect  on  the  teeth  could  be 
detected,  even  when  B.  acidophilus  was  isolated  and  added  to 
the  food  for  several  months.  If  guinea  pigs  were  fed  on  a 
diet  consisting  chiefly  of  fat-free  milk  and  rolled  oats  (deficient 
in  vitamins)  the  teeth  developed  areas  of  decalcification,  and 
symptoms  of  pyorrhea  alveolaris  and  of  dental  caries  were 
noted.  Howe  also  kept  teeth  for  six  months  in  saliva  mixed 
with  glucose,  maltose,  lactose,  sucrose,  dextrin,  white  flour 
and  bread.  Some  of  the  teeth  were  unchanged,  some  etched, 
and  some  decalcified. 

McIntosh,  James  and  Lazarus-Barlow  exposed  teeth  to  B. 
acidophilus  odontolyticus  in  an  ordinary  broth  culture  and 
produced  typical  caries.  The  teeth  were  decalcified.  Malic 
acid  was  produced  in  largest  amount.  When  a  tooth  was 
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coated  with  varnish  except  at  one  spot,  a  typical  picture  of 
natural  caries  resulted.  Robb,  Medes  and  McClendon  showed 
that  fluorapatite  would  dissolve  in  saliva  only  if  it  were  more 
acid  than  pH  5.5,  an  acidity  never  reached  in  the  mouth.  The 
solubility  of  enamel  is  probably  the  same.  Armstrong  showed 
that  the  enamel  of  sound  teeth  contained  more  fluorine  than 
carious  teeth.  McClendon  and  Foster  showed  that  brushing 
rats’  teeth  daily  with  powdered  fluorapatite  greatly  delayed 
caries. 


The  albuminoid  of  bone  is  called  ossein,  but  it  has  not  been 
shown  to  be  different  from  collagen  in  tendons  and  skin.  In 
fact,  we  know  collagen  chiefly  from  the  fact  that  on  boiling 
it  changes  to  gelatin,  but  much  of  the  gelatin  of  commerce  is 
obtained  by  boiling  ossein.  No  distinction  is  made  between 
that  form  of  gelatin  and  the  gelatin  from  collagen.  Many 
chemical  studies  were  made  on  gelatin  obtained  from  ossein. 
Bones  may  be  “steamed”  and  in  that  way  gelatin  removed, 
the  remainder  being  used  for  its  mineral  content,  known 
as  “steamed  bone  meal.”  Bones  also  contain  what  has 
been  called  keratin  or  osseo-albuminoid.  This  is  confusing 
because  keratin  is  the  albuminoid  of  the  skin  and  ossein  in 
the  bones  is  osseo-albuminoid.  There  is  also  a  glyco-protein 
named  osseomucoid  which  may  be  removed  by  prolonged  treat¬ 
ment  with  dilute  sodium  hydroxide.  The  so-called  keratin 
would  be  better  named  elastin,  as  it  is  removed  by  tryptic 
digestion  after  treatment  with  alkali,  just  as  in  the  “bating” 
of  leather,  elastin  is  removed  by  trypsin,  leaving  the  collagen 
intact.  The  osseo-keratin,  or,  as  it  should  be  called  osseo-elastin, 
is  derived  from  the  haversian  canals.  The  dentin  is  similar  to 
bone  in  chemical  composition  except  that  there  are  no  haversian 


The  enamel  is  formed  from  ectoderm,  and  the  protein  is 
similar  to  that  of  the  outside  of  the  skin,  namely,  keratin.  It 
seems  possible  that  the  enamel  may  be  considered  as  deposited 
nside  an  epidermal  cell  similar  to  the  malpighian  layer  of  the 

tl1"  '- nialpighian  layer  instead 
del  going  division  and  producing  a  large  number  of  cells 

namel  whTch  ey,rCd  ePi<iermiS-  la^ 

enamel,  which  extends  as  an  enamel  prism,  the  keratin  (form- 
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ing  the  surface  of  the  cell)  extending  up  between  the  enamel 
prisms.  For  this  to  proceed  normally,  vitamin  A  is  necessary. 

Up  to  a  certain  point  the  greater  the  fluorine  content  of 
enamel  the  greater  its  hardness,  but  if  too  much  fluorine  is  taken 
in  with  the  food  the  soft  tissue  of  the  enamel-organ  is  poisoned, 
the  enamel  is  not  secreted  at  a  normal  rate,  and  the  enamel 
prisms  do  not  lie  so  close  together.  With  too  much  fluorine  in 
drinking  water  as  when  drinking  water  is  a  saturated  solution 
of  calcium  fluoride,  portions  of  the  enamel  of  the  teeth  are  af¬ 
fected  more  than  others  due  to  differences  in  fluorine  intake 
when  they  were  laid  down,  and  the  teeth  are  said  to  be  mottled. 
Mottled  teeth  are  characteristic  of  certain  regions  where  the 
drinking  water  contains  more  than  1  part  per  million  of  fluoride. 
There  is  less  dental  caries  in  mottled  teeth  regions  than  in  other 
regions  of  the  world  (Dean). 

The  effect  of  rickets  and  osteoporosis  on  the  bones  and  teeth 
has  already  been  described.  Osteomalacia  is  a  condition  in  the 
adult  resembling  rickets.  It  may  be  produced  in  cattle  by  feed¬ 
ing  them  on  a  diet  of  straw.  Cattle  in  South  Africa  become  so 
hungry  for  phosphate  that  they  will  not  only  eat  bone  but  any 
substance  that  is  hard  like  bone,  for  instance,  wood. 


A  disease  of  the  gums  known  as  periodontitis  or  pyorrhea 
alveolaris  is  very  common.  During  the  World  War  it  was 
shown  that  in  men  of  the  draft  age  of  nineteen  to  thirty-one 


years  this  disease  was  developing  in  a  large  number  of  the 
troops.  It  rarely  occurs  in  young  children.  It  is  essentially  a 
disease  of  age.  Pickerill  claimed  that  the  Polynesian  abori¬ 
gines  had  good  teeth,  but  this  fortunate  condition  was  ruined 
by  the  white  man’s  advent  due  to  the  white  man’s  food.  The 
American  Museum  of  Natural  History  in  an  expedition  to 
Polynesia  took  the  dentist,  Chappell,  who  together  with  geolo¬ 
gists  and  anthropologists  opened  the  graves  of  Polynesian 
kings  who  were  buried  before  the  advent  of  the  white  man. 
It  was  found  that  pyorrhea  had  attacked  these  kings,  an 
there  was  a  series  of  caries  along  the  gingival  line  that  is  to 
say  the  line  where  the  diseased  gum  touches  the  teeth  (Fig.  55). 
The  teeth  showed  no  sign  of  rickets  having  been  present.  Howe 
has  claimed  that  pyorrhea  is  due  to  scurvy  and  it  is  we 
known  that  the  teeth  get  loose  in  scurvy,  and  they  may  fina  y 
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loosen  with  pyorrhea  of  long  standing.  There  is  no  proof, 
however,  that  all  pyorrhea  is  due  to  scurvy.  The  deficiency  of 
vitamin  A  in  the  diet  has  been  suggested  as  the  cause  of 
pyorrhea. 

It  has  been  claimed  that  brushing  the  gums  or  massaging 
them  will  prevent  pyorrhea;  also  that  scaling  the  teeth  as  far 
down  as  the  periodontal  membrane,  together  with  brushing 
and  massaging  the  gums,  will  cure  it.  The  deposit  of  a  hard 
layer  of  mixed  detritus  and  mineral  matter  on  the  teeth  ac¬ 
companying  pyorrhea,  will  prevent  the  saliva  from  reaching 
the  surface  and  neutralizing  acids  that  may  be  produced  by 
bacteria. 


It  has  been  abundantly  shown  that  pregnancy  is  bad  for  the 
teeth,  and  this  is  probably  due  to  the  fact  that  the  diet  of  the 
mother  was  inadequate  for  both  mother  and  child.  Ziskin 
denied  this,  but  his  results  may  be  interpreted  as  meaning 
that  both  mothers  and  childless  women  have  bad  teeth.  Brek- 
hus  has  shown  that  notwithstanding  the  development  of  den¬ 
tistry  and  education  about  cleaning  the  teeth  and  diet,  the 
teeth  of  the  community  have  become  progressively  worse,  ac¬ 
cording  to  the  examinations  of  all  the  people  who  have  come 
to  the  dental  infirmary.  This  may  be  due  to  changes  in  diet 
that  are  incidental  with  increase  in  population.  McClendon 
has  shown  that  American  Indians  used  more  than  five  hundred 
plant  genera  in  preparing  food,  drink,  and  medicine  and  some 
were  high  in  fluorine.  Our  remote  ancestors  ate  bone,  and  it  is 
very  probable  that  the  eskimo  gets  enough  bone  spicules  or  small 
fish  bones  to  supplement  the  fluorine  content  of  the  meat.  The 
endosperm  of  cereals,  from  which  bread  and  breakfast  food  are 
made,  is  very'  deficient  in  fluorine,  and  it  is  claimed  that  the 
phosphorus  that  is  contained  in  phytin  is  not  available  for  bone 
and  tooth  formation.  In  1879  roller  mills  were  built  in  Minne¬ 
apolis,  and  very  fine  sieves  of  bolting  cloth  were  introduced  into 
these  mills,  which  sifted  out  the  parts  of  the  grain  having  the 
largest  mineral  and  vitamin  supply,  leaving  almost  pure  endo- 
sperm  Such  high  patent  flour,  and  breakfast  foods  made 
rom  the  endosperm  have  been  consumed  at  a  greater  and 

luTelv'deWd  f  fl0’  thG  Cl°nSUmption  of  almost  abso¬ 

lutely  devoid  of  fluorine,  has  increased  enormously  In  Eng 
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land  and  the  United  States  95%  of  the  children  have  carious 
teeth,  something  that  was  almost  unknown  to  aborigines  of 
many  lands,  where  caries  was  thought  to  be  a  disease  of  age. 
It  frequently  happens  that  the  white  child  has  poorly  de¬ 
veloped,  irregularly  spaced  teeth  and  the  jaw  is  not  heavy 
enough  to  support  a  good  set  of  teeth.  On  the  other  hand, 
Negroes  in  the  United  States  have  better  teeth,  and  the  meat- 
eating  Eskimos  and  Sioux  Indians  had  very  good  teeth.  This 
is  probably  due  to  the  high  consumption  of  phosphorus  in  the 
meat  and  vitamin  D  in  animal  fat  and  fluorine  in  the  bone  eaten. 
Dogs,  animals  particularly  fond  of  bones,  very  seldom  show 
caries  until  they  are  very  old. 

Cartilage  contains  collagen,  chondroalbuminoid,  mucoid  and 
Salts.  Chondromucoid  is  a  protein  whose  prosthetic  group  is 
chondroitin  sulphate,  which  is  the  same  as  heparin  (Jorpes). 

Connective  Tissue. — There  are  two  chief  types  of  connective 
tissue,  yellow  and  white.  The  white  elastic  tissue  consists 

t 

mainly  of  collagen,  the  yellow  of  elastin.  Both  forms  contain 
mucoid  and  extractives. 

Skin  is  developed  partly  from  the  epidermis,  and  I  have  al¬ 
ready  mentioned  that  the  enamel  of  the  teeth  arises  from  the 
epidermis.  The  epidermal  part  of  the  skin  is  the  malpighian 
layrer  and  the  keratinized  layer  develops  from  this.  Keratin 
protects  the  body  from  drying  and  dissolving  in  water,  from 
the  effects  of  ultraviolet  rays,  and  from  mechanical  attacks. 
The  x-ray  spectograph  of  keratin  shows  minute  micelles  of 
about  200  A  wide  and  1,000  A  long,  arranged  with  long  axis 
parallel  to  that  of  the  fiber  in  case  it  is  drawn  out  into  hair. 
These  micelles  are  supposed  to  be  diketopiperazine  rings, 
though  the  closure  of  the  ring  may  be  with  residual  valences 
or  covalences.  The  epidermal  keratin  contains  large  amounts 
of  leucine,  glutamic  acid,  cystine,  considerable  amounts  of 
arginine,  and  moderate  amounts  of  proline  and  tyrrosine.  There 
is  about  5%  sulphur,  supposedly  cystine  sulphur.  Keratin  has 
an  isoelectric  point  of  about  4.8  and  swells  in  strong  acid  or 
alkali.  It  begins  to  decompose  in  alkali  before  complete  solu¬ 
tion.  Dry  keratin  allows  penetration  of  some  substances  of 
size  equal  to  propyl  alcohol,  but  wet  keratin  allows  absorption 
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of  larger  molecular  substances — as  large  as  octyl  alcohol. 
Medication  lias  been  effective  by  absorption  through  the  skin. 

The  dermis  of  the  skin  corresponds  to  the  mesoderm  and  is 
the  portion  which  is  transformed  into  leather.  The  chief  pro¬ 
tein  is  collagen  or  white  fibrous  connective  tissue.  Collagen 
has  only  extremely  small  amounts  of  aromatic  amino  acids. 
Dakin  found  in  the  hydrolytic  products  hydroxyproline 
anhydride  (triple  ring  dipeptide).  The  isoelectric  point  of 
collagen  is  pH  4.7.  It  is  digested  by  pepsin  with  hydrochloric 
acid  but  is  affected  by  trypsin  only  at  temperatures  above  40°, 
showing  in  its  resistance  to  trypsin  a  similarity  to  other  albu¬ 
minoids.  The  collagen  of  the  skin  differs  from  that  of  other 
sources  in  the  length  of  time  required  to  convert  it  to  gelatin. 
It  takes  about  six  hours  of  boiling  in  water.  The  skin  con¬ 
tains  the  other  albuminoids,  elastin,  and  reticulin.  Elastin  is 
digestible  by  trypsin,  and  the  “  bating  ”  of  leather  consists  in 
removing  the  elastin  with  trypsin.  Skin  is  more  than  half 
water,  but  the  water  content  decreases  with  age  in  the  young 
animal  so  that  for  comparative  figures  age  must  be  taken  into 
consideration.  The  so-called  lipoids  of  adult  human  skin  are 
variable,  but  they  average  7%;  epidermal  phospholipid  0.6%; 
epidermal  free  cholesterol  0.9%;  epidermal  fatty  acids  1.7%. 
One-six  hundredth  of  the  “cholesterol”  may  be  ergosterol. 

The  skin  contains  glycogen,  but  in  analyses  “free  and  bound 
sugar  are  referred  to,  the  “bound  sugar”  being  fifteen  times 
as  abundant  as  the  free  sugar.  Fermentable  sugar  is  about  56 
mg.  per  100  grams.  The  carbohydrate  in  the  skin  is  probably 
related  to  the  water  content,  and  this  may  be  related  to  the 
lipoid  content. 


It  was  shown  by  Burr  and  Burr  that  if  linolic  or  arachidonic 
acids  are  deficient  in  the  diet,  eczema  develops.  This  has  been 
considered  to  be  an  edema  of  the  skin.  On  a  high  carbohy¬ 
drate  diet,  the  carbohydrate  content  of  the  skin  increases. 
Very  few  analyses  have  been  made,  however,  although  some 
workers  use  a  motor-driven  Kromayer  punch  which  cuts  out 
pieces  of  skin  from  the  patient  for  analysis.  With  lack  of 

2TTS  T  T  0CCUrS-  aSS0Ciated  with  a  Protein  deposi- 
faon  m  ‘he  skin.  Skin  contains  12%  water  with  the  follow™, 

millimols  per  liter:  Cl  80,  Na  93,  K  16,  Ca  2.7.  Mg  2.1. 
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There  are  two  secretions  of  the  skin,  the  sebaceous  glands 
secreting  a  fatty  substance.  In  sheep  this  is  called  lanum  or 
lanolin,  and  it  contains  among  other  substances,  cholesterol- 
esters  of  fatty  acids.  It  is  supposed  that  the  mammary  glands 
are  developed  from  these  and  that  butter  is  a  homologue  of 
sebaceous  secretion.  In  the  external  auditory  canal  sebaceous 
secretion  (cerumen)  accumulates. 

Sweat  glands  are  of  two  types.  Certain  parts  of  the  skin 
that  are  covered,  such  as  under  the  arms,  secrete  an  alkaline 
sweat,  whereas  in  the  rest  of  the  body  there  is  a  sweat  of  a  pH 
of  about  4-4.5,  the  acidity  being  due  to  lactic  acid.  The 
sweat  seems  to  be  an  ultrafiltrate  of  the  blood  except  that  it 
contains  less  bicarbonate,  the  bicarbonate  being  replaced  by 
chloride  and  lactate.  The  sugar  content  is  also  low.  Tears 
seem  to  be  a  similar  secretion.  While  the  secretion  of  sweat 
may  go  to  zero,  it  may  also  rise  as  high  as  a  liter  per  hour; 
in  fact,  decrease  in  body  weight  through  loss  by  evaporation 
from  the  lungs  and  sweat,  and  a  small  amount  of  carbon  pass¬ 
ing  out  as  carbon  dioxide,  may  amount  to  2.5  kg.  per  hour. 
At  the  end  of  three  hours  at  this  rate,  however,  dehydration 
fever  may  occur. 

Liver  is  the  chief  tissue  of  intermediate  metabolism.  Glycogen, 
blood  proteins,  phosphatides,  urea  and  bile  are  produced  by  the 
liver.  Each  liver  lobule  receives  its  main  blood  supply  from  the 
portal  vein  and  after  a  meal,  portal  blood  is  high  in  glucose. 
The  lfrer  deposits  the  excess  glucose  as  glycogen.  On  fasting, 
the  portal  blood  may  contain  only  about  0.08%  glucose,  which 
the  liver  raises  to  about  0.1%.  On  extirpation  of  the  liver,  the 
blood  sugar  goes  down  and  the  animal  can  be  kept  alive  only 
by  continuous  injection  of  glucose.  Besides  glucose,  the  follow¬ 
ing  substances  are  converted  into  glycogen : 

Table  X 

CH,OHCHO  (a  biose) 

CH,OH.CHOH.CH2OH 
CH3CHOHCOOH 
CH3CH2CH,OH 
CH3COCHO 

CHjOHCHOH.CHOHCHOHCO.CHjOH 


Glycol  aldehyde 
Glycerol 
Lactic  acid 
Propyl  alcohol 
Methyl  glyoxal 
Fructose 
Galactose 
Mannose 
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The  following  amino  acids  are  deaminized  and  the  residues 


changed  to  glycogen: 

Table  XI 

OBSERVED 

THEORETICAL 

Glycine 

Alanine 
Aspartic  acid 
Glutamic  acid 

CH2NH2COOH 

CHsCHNH2COOH 

coohch,chnh2cooh 

coohch2ch2chnh2cooh 

13.43 

18.77 

12.42 

13.31 

16.00  g. 

20.22 

13.52 

12.24 

Methylation  probably  occurs  in  the  liver.  DuVigneaud 
showed  that  choline  could  supply  the  methyl  groups.  Thyroxine 
seems  to  aid  methylation.  Its  beneficial  effect  on  mice  fed 
methyl  cyanide  may  be  that  it  keeps  the  cyanide  methylated, 
otherwise  free  cyanide  would  be  more  toxic. 


CHAPTER  XV 


METABOLISM  OF  PROTEINS,  FATS,  CARBOHY¬ 
DRATES,  AND  SALTS 

General.  The  body  requires  fuel  to  carry  out  its  various 
activities.  This  fuel  is  “burned”  or  oxidized.  In  the  process, 
waste  products  are  formed.  In  addition,  some  parts  of  the 
structure  are  continually  breaking  down  and  being  repaired. 
All  this  we  know  from  a  comparison  of  the  “fuel”  or  food 
substances  ingested  and  the  waste  products  eliminated.  All 
evidence  points  to  the  fact  that  extensive  chemical  activity  is 
going  on  in  the  tissues.  Materials  are  torn  to  pieces,  chemi¬ 
cally  speaking,  other  substances  are  built  up.  The  field 
covering  the  processes  going  on  in  the  tissues  is  known  as  metab¬ 
olism.  This  does  not  include  digestion,  for  strictly  speaking, 
the  contents  of  the  alimentary  tract  are  not  in  the  body,  at  least 
not  in  the  tissues,  but  only  in  a  passageway  or  tube  running 
through  the  body.  The  study  of  metabolism  covers  the  history 
of  the  foodstuffs  from  the  time  of  their  absorption  to  the  point 
where  they,  or  the  products  formed  from  them,  are  excreted  from 
the  body.  We  may  differentiate  various  fields  of  metabolism, 
such  as  that  of  proteins,  carbohydrates,  fats  or  inorganic  ma¬ 
terials,  and  also  some  other  fields,  such  as  energy  exchange.  In 
addition,  we  may  study  the  general  metabolism  of  a  localized 
area,  such  as  metabolism  of  the  muscles  and  liver. 

It  is  obviously  impossible  to  enter  the  tissues  and  observe  what 
is  going  on  in  them.  Our  observations  must  be  made  in  indirect 
ways,  and  conclusions  drawn  as  well  as  the  case  permits.  Vari¬ 
ous  methods  for  the  study  of  metabolism  are  employed.  For  ex¬ 
ample,  from  variations  in  the  constituents  of  the  urine  and  the 
amounts  of  the  different  substances  present  in  urine  and  blood, 
from  observations  made  on  excised  surviving  organs  through 
which  blood  or  some  similar  fluid  is  kept  circulating,  from  a 
study  of  the  relationship  between  oxygen  consumed  and  car¬ 
bon  dioxide  eliminated  (respiratory  quotient),  and  from  meas¬ 
urements  of  the  heat  produced  by  the  body  much  valuable 
information  has  been  obtained  about  the  processes  going  on 

in  the  tissues. 
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Protein  Metabolism. — The  metabolism  of  proteins,  and 
problems  connected  with  this  field  make  up  one  of  the  most  im¬ 
portant  phases  of  metabolism.  The  reason  for  this  is  not  difficult 
to  divine.  Proteins  make  up  the  bulk  of  the  solid  mateiial  of 
living  tissue.  Without  an  adequate  supply  of  them  in  the  diet, 
an  animal  will  die,  even  though  it  be  given  all  it  will  eat  of  the 
other  food  substances,  such  as  fats,  carbohydrates  and  salts. 
Evidently  proteins  have  some  role  to  play  which  cannot  be  filled 
by  the  other  classes  of  foods.  Since  the  other  foods  are  good 
fuels,  and  are  easily  burned  in  the  body,  the  importance  of  the 
proteins  seems  to  be  connected  with  furnishing  building  or  repair 
material  to  the  tissues,  or  supplying  certain  chemical  group¬ 
ings  required  for  the  manufacture  of  some  vitally  important 
products  manufactured  in  the  body  itself.  It  will  be  of  in¬ 
terest  to  follow  the  proteins  and  the  products  formed  from  them 
in  their  passage  through  the  organism. 

In  the  digestive  tract  proteins  are  broken  down  by  enzymes  into 
amino  acids  and  chiefly  in  this  form  they  are  absorbed  and  pass 
into  the  capillaries  of  the  villi,  and  thence  into  the  general  cir¬ 
culation  by  way  of  the  portal  vein.  At  one  time  it  was 
a  matter  of  lively  dispute  whether  the  digestive  products  of  the 
proteins  entered  the  blood  in  the  form  of  amino  acids,  of  pro¬ 
teoses  and  peptones,  or  were  rebuilt  in  the  intestinal  wall  to 
form  proteins.  It  had  never  been  possible  to  find  amino  acids 
or  proteoses  and  peptones  in  the  blood,  so  that  many  investigators 
believed  these  products  were  rebuilt  into  protein  before  passing 
into  the  blood.  One  by  one,  pieces  of  evidence  have  accumulated 
to  settle  this  question,  and  we  now  know  that  normally  the 
greater  part  at  least  of  the  amino  acids  produced  in  digestion 
gets  into  the  blood  as  such,  and  is  transported  to  the  tissues.  It 
has  been  shown  that  if  proteoses  are  injected  into  the  blood, 
enzymes  appear  in  the  blood  stream  capable  of  breaking  them 
down.  No  such  enzymes  occur  in  the  blood  normally.  Obvi¬ 
ously  then,  proteoses  normally  are  not  present  in  the  blood. 
The  chief  difficulty  in  showing  that  free  amino  acids  are 
present  in  the  blood  lay  in  the  complex  character  of  that 
liquid,  and  its  high  content  of  protein.  During  the  digestion 
of  a  protein  meal  the  amount  of  amino  acids  absorbed  at  any 
one  time  would  be  very  small.  Also  the  flow  of  the  blood  is 
rapid,  so  that  any  increase  in  the  total  nitrogen  of  the  blood  would 
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be  slight  and  thus  difficult  to  detect  in  the  presence  of  so  much 
other  nitrogenous  material.  Folin  and  his  co-workers  showed  an 
increase  in  the  non-protein  nitrogen  of  the  blood  after  a  pro¬ 
tein  meal.  Van  Slyke,  by  his  now  well-known  method  for  de¬ 
termining  small  amounts  of  a  amino  groups,  showed  a  marked 
increase  after  a  protein  meal,  and  Abel  and  his  co-workers  by 
passing  the  circulating  blood  of  a  living  animal  through  a  dif¬ 
fusion  device  succeeded  in  isolating  considerable  quantities  of 
amino  acids  from  the  blood.  The  problem  was  thus  solved.  The 
proteins  of  the  food  are  reduced  to  amino  acids  in  the  digestive 
tract,  are  absorbed  as  such,  and  transported  to  the  tissues.  It 
has  been  reported  that  a  portion  of  the  amino  acids  lose  their 
amino  groups  in  the  intestinal  wall.  If  this  is  the  case,  the 
amount  so  destroyed  is  extremely  small.  Careful  work  has 
demonstrated  that  the  blood  contains  small  amounts  of  peptide 
nitrogen.  It  thus  appears  probable  that  some  of  the  simple 
peptides  may  be  absorbed  in  addition  to  the  amino  acids  them¬ 
selves. 

The  further  fate  of  the  amino  acids  still  is  very  obscure. 
They  are  taken  up  by  the  tissues  from  the  blood.  Van  Slyke 
has  shown  that  the  amino  acid  content  of  the  tissues  is  greatly 
increased  after  a  protein  meal.  Probably  certain  of  the  amino 
acids  are  used  for  the  repair  of  cell  proteins,  or  in  the  manufac¬ 
ture  of  cell  products.  There  appears  to  be  little  or  no  storage 
of  protein  material,  however,  for  the  nitrogen  from  ingested 
protein  reappears  in  the  urine  within  twenty-four  hours  or  so 
after  taking.  The  protein  structures  of  the  body  appear  to 
increase  only  in  growth  or  in  recovery  after  starvation.  A  part 
of  the  latter  has  been  called  “deposit  protein.”  Epithelial  and 
blood  cells  are  constantly  being  lost  and  reformed. 

Various  modes  of  decomposition  are  possible  in  the  destruc¬ 
tion  of  amino  acids.  The  amino  group  is  removed,  leaving 
a  fatty  acid,  and  oxidation  might  result  in  the  formation  of  a 
hydroxyacid  or  a  keto  acid ;  thus  from  alanine,  propionic  acid, 
lactic  acid,  or  pyruvic  acid  would  result. 
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Enzymes  are  known  which  can  produce  any  one  of  these  end 
products  possibly  of  a  series  of  reactions.  These  products 
might  then  be  further  oxidized  to  C02  and  H20,  or  they  or 
their  derivatives  could  be  utilized  in  the  construction  of  other 
substances  needed  by  the  tissues.  Pyruvic  acid  and  the  cor¬ 
responding  aldehyde  probably  result  from  the  destruction  of 
more  than  one  amino  acid,  and  take  part  in  the  resynthesis  of 
other  substances.  The  property  of  deaminizing  amino  acids 
may  be  possessed  by  all  cells. 

Amount  of  Protein  Required — Nitrogen  Balance. — Since 
protein  is  indispensable,  it  is  of  interest  to  know  how  much 
protein  is  needed  by  the  body.  Protein  is  an  expensive  article 
of  diet.  It  would  be  of  economic  advantage  to  eat  no  more  pro¬ 
tein  than  necessary  for  the  maximum  efficiency  of  the  body. 
Excess  protein  is  not  stored  for  future  use,  but  is  broken  down, 
and  its  nitrogen  excreted  mainly  as  urea  within  a  comparatively 
short  period.  Ordinarily  an  adult  is  in  a  condition  known  as 
nitrogen  equilibrium.  That  is,  he  excretes  just  the  amount  of 
nitrogen  that  he  takes  in  his  food.  His  body  is  neither  storing 
up  nor  depleting  its  store  of  nitrogenous  material  or  protein. 
Such  a  condition  of  exact  balance  does  not  always  exist,  how¬ 
ever.  In  a  growing  child  or  in  an  adult  during  recovery  from 
a  wasting  disease,  or  even  during  periods  of  “training”  or  un¬ 
wonted  exercise,  the  body  may  lay  on  protein  tissue,  muscle  for 
example.  In  this  case  the  individual  will  be  excreting  less  nitro¬ 
gen  than  he  receives  in  his  food.  He  is  said  to  be  in  positive 
nitiogen  balance  since  he  is  laying  up  nitrogen  compounds.  In 
wasting  disease,  in  starvation,  or  on  insufficient  protein  diet  the 
loss  of  nitrogen  may  be  greater  than  the  intake  in  the  food.  This 
condition  is  known  as  negative  nitrogen  balance. 

It  is  a  curious  fact  that  nitrogen  balance  may  be  maintained 
on  widely  varying  levels  without  any  apparent  inconvenience. 
The  problem  of  the  necessary  amount  of  protein  in  the  diet  thus 
resolves  itself  into  the  problem,  on  what  least  amount  of  protein 
may  an  individual  be  kept  in  nitrogen  equilibrium;  a  further 
phase  of  the  question  will  be  to  determine  whether  minimum 
protem  .s  des.rable  from  a  physiological  and  general  point  of 
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If  a  man  is  consuming  a  diet  containing  10  grams  of  protein 
nitrogen,  and  is  on  nitrogen  equilibrium  at  that  level,  suppose 
his  protein  ration  to  be  doubled,  so  that  he  will  be  taking  20 
grams  of  protein  nitrogen,  and  that  he  continue  on  this  diet. 
Ihe  first  day  he  will  excrete  considerably  more  than  10  grams 
of  nitiogen,  but  not  the  entire  20  grams.  The  second  day  he  will 
exciete  still  more,  and  on  the  third  or  fourth  day  he  again  will 
be  in  nitrogen  equilibrium,  but  now  on  20  grams  nitrogen.  If 
this  is  now  cut  to  10  grams,  the  process  is  reversed,  and  in  time 
he  will  be  in  equilibrium  again  at  the  lower  level. 

An  ardent  advocate  of  a  low  protein  diet  was  Chittenden.  He 
greatly  reduced  the  amount  of  protein  in  his  diet.  The  results 
were  so  satisfactory  that  a  study  of  the  problem  was  undertaken 
by  various  investigators.  Chittenden  carried  out  a  long  series  of 
metabolism  experiments  on  several  men.  Folin’s  report  of  the 
case  of  Dr.  van  Sommeren  indicated  the  effects  on  the  quantita¬ 
tive  composition  of  the  urine  of  a  low  protein  diet.  (Folin’s  “30 
Normal  Urines,”  an  analysis  of  30  24-hour  specimens  was  the 
first  complete  study  of  the  24-hour  output  of  normal  urine  con¬ 
stituents.  This  furnishes  a  standard  for  comparison.)  Folin 
himself  lived  on  a  starch  and  cream  diet  containing  only  about  6 
grams  of  nitrogen  a  day  for  several  days.  Chittenden  drew  the 
conclusion  that  the  most  desirable  amount  of  protein  for  an  aver¬ 
age-sized  adult  is  40  grams  per  day  or  somewhat  over  6  grams 
of  nitrogen.  This  is  much  less  than  the  standards  previously 
recommended.  Voit,  for  example,  basing  his  conclusions  on  the 
amount  of  protein  consumed  per  capita  in  several  European 
cities,  recommended  118  grams  of  protein  (19  grams  nitrogen) 
and  Atwater  in  America  110  grams  per  day. 

It  has  been  shown  that  nitrogen  equilibrium  may  be  estab¬ 
lished  on  a  level  even  lower  than  that  of  Chittenden.  Thus 
Thomas  reduced  his  nitrogen  to  2.2  grams  a  day  (about  15-20 
grams  protein)  and  Deuel  to  1.75  grams  of  urinary  nitrogen  (11 
grams  of  protein,  probably  2.75  g.  excretory  N  or  17.2  g.  pro¬ 
tein).  This  last  figure  is  about  the  amount  required  for  the 
growth  of  desquamated  cells  and  blood  cells,  mucous  secretions, 
and  creatinine  excretion.  In  fact  on  a  low  protein  intake  the  pro¬ 
tein  is  evidently  used  more  economically  by  the  body.  But  the 
problem  remains :  is  so  low  a  level  of  protein  intake  desirable  ? 
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Some  evidence  has  accumulated  on  this  point.  Certain  tribes  in 
India  who  live  on  low  protein  diet  have  been  observed  to  be  less 
efficient  and  to  possess  less  endurance  than  neighboring  tlibes 
of  meat  eaters.  Races  living  in  cold  climates  usually  live  on 
a  high  protein  diet,  and  such  races  display  great  endurance. 
The  whole  experience  of  the  human  race  seems  to  have  tended 
toward  a  fairly  high  protein  diet.  If  low  protein  intake  resulted 
in  greater  efficiency,  it  is  only  reasonable  to  suppose  that  races 
or  nations  living  on  low  protein  rations  would  have  dominated 
over  others.  From  the  experiments  of  Chittenden  and  others  it 
appears  possible  to  maintain  a  group  of  individuals  for  several 
months  on  a  low  protein  diet  apparently  with  good  results  and 
increased  efficiency  and  health.  It  might  be  suggested,  however, 
that  such  favorable  results  may  be  due  in  part  to  the  carefully 
regulated  living  and  wisely  directed  exercise  of  the  subjects, 
for  it  is  an  unfortunate  but  incontrovertible  fact  that  many 
of  us  are  sadly  lax  in  the  ordering  of  such  important  factors 
in  our  existence  as  exercise  and  general  healthful  living.  From 
experiments  of  but  a  few  months’  duration  it  is  dangerous  to 
draw  conclusions  of  so  important  and  far-reaching  a  nature. 
It  is  possible  that  on  minimum  protein  intake,  reserve  stores 
of  what  Deuel  called  “deposit  protein”  might  be  seriously 
depleted,  thus  reducing  the  body’s  power  of  resisting  disease 
or  meeting  emergency  demands.  In  this  connection,  the  work 
of  Haecker  is  most  interesting.  A  herd  of  cattle  was  kept  for 
about  three  years  on  low  protein  diet.  The  first  two  years 
all  went  well.  In  the  third  year  the  animals  showed  lessened 
resistance  to  the  inroads  of  disease,  and  finally  became  so  ill 
that  the  experiment  was  discontinued. 

In  summary,  perhaps  the  older  standards  of  about  120 
grams  protein  are  unnecessarily  high.  A  compromise  on  per¬ 
haps  70  grams  of  protein  for  the  average  adult  has  been  sug¬ 
gested  as  the  most  satisfactory  solution  of  the  problem. 

The  fact  that  nitrogen  equilibrium  can  be  maintained  on  so 
low  a  level  as  2.75  g.  N  a  day  makes  it  seem  possible  that  the 
breaking  down  of  the  protein  tissues  takes  place  to  a  much 
smaller  extent  than  was  supposed. 

The  maximum  amount  of  protein  on  which  nitrogen  balance 
may  be  maintained  is  of  little  practical  interest.  Excess  protein 
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is  simply  burned  in  the  organism.  It  is  an  interesting  fact  that 
increased  muscular  activity  does  not  increase  nitrogen  excretion 
if  the  animal  is  well  nourished.  The  animal  bums  carbohy¬ 
drates  and  fats,  and  needs  no  more  protein  than  normally. 

Thus  far  we  have  spoken  only  of  protein  need.  In  so  doing, 
we  really  are  considering  amino  acid  need,  for  the  proteins  are 
broken  down  to  amino  acids  in  digestion.  Since  proteins  contain 
widely  varying  proportions  of  the  different  amino  acids,  and  a 
given  protein  often  lacks  one  or  more  of  these  compounds,  it  is 
not  surprising  that  different  proteins  vary  greatly  in  their 
usefulness  and  adequacy  in  the  diet.  The  amount  of  protein 
required  is  thus  dependent  on  the  kind  of  protein.  If  the  body 
requires  a  definite  amount  of  a  particular  amino  acid,  that  amino 
acid  must  be  present  in  the  food  protein  unless  the  body  is 
capable  of  constructing  it  in  its  own  workshop  from  other  ma¬ 
terial  such  as  ammonia  and  residues  of  other  amino  acids,  of 
carbohydrates  or  other  substances.  Most  interesting  results  have 
been  obtained  in  this  field. 

Gelatin  lacks  tyrosine  and  tryptophan.  Although  gelatin 
is  a  protein,  if  an  otherwise  adequate  diet  is  fed  containing  gela¬ 
tin  as  the  sole  protein  constituent,  the  animal  will  die  as  surely 
as  if  he  were  receiving  no  protein.  Addition  of  these  missing 
amino  acids  to  the  diet,  either  directly  or  by  adding  a  protein 
which  contains  them  will  not  remedy  the  difficulty,  or  make  the 
diet  adequate.  Osborne  and  Mendel,  and  McCollum  have  con¬ 
tributed  greatly  to  our  knowledge  in  this  field.  Zein,  a  protein 
from  corn,  contains  no  tryptophan  or  lysine.  On  an  otherwise 
adequate  diet  containing  zein  as  its  sole  protein,  a  young  animal 
declines  and  dies.  On  adding  tryptophan  to  such  a  diet,  the 
animal  no  longer  loses  weight.  It  maintains  about  the  same  body 
weight.  But  on  such  a  diet  the  animal  does  not  grow.  If 
lysine  be  added  along  with  the  tryptophan,  the  animal  grows 
almost  at  a  normal  rate.  From  the  above  discussion  it  is  evi¬ 
dent  that  the  body  cannot  synthesize  tryptophan  or  lysine,  at 
least  in  amounts  sufficient  for  its  needs  and  this  is  also  true  of 
cystine  phenylalanine  and  oc  -amino  /?-hydroxy butyric  acid. 
Recent  evidence  indicates  that  the  body  uses  arginine  and 
histidine  in  synthesizing  its  purines,  constituents  of  nucleic 
acid.  Some  of  the  amino  acids  apparently  can  be  built  up  by 
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the  body.  Thus  after  feeding  benzoic  acid,  glycine  will  be 
excreted  in  hippuric  acid  in  quantities  too  large  to  be  accounted 
for  by  the  available  glycine  in  the  organism. 

The  problem  of  protein  requirement  is  thus  resolved  into  a 
problem  of  amino  acid  requirement,  limited  on  the  one  hand  by 
the  body’s  needs,  and  on  the  other  hand  by  its  ability  to  con¬ 
struct  amino  acids  themselves. 

Since  amino  acids  are  the  real  requirement  of  the  body,  one 
would  expect  it  to  be  possible  to  supply  an  animal’s  protein  re¬ 
quirement  solely  by  a  mixture  of  amino  acids.  By  injection 
of  protein  decomposition  products  into  the  blood,  it  has  been 
possible  to  maintain  an  animal  on  nitrogen  equilibrium,  and 
by  feeding  such  a  mixture  growth  has  been  attained.  Rose 
has  observed  growth  in  rats  on  a  mixture  of  amino  acids  (in¬ 
cluding  a-amino  /?-hydroxybutyric  acid)  in  place  of  protein. 

The  role  played  by  the  individual  amino  acids  in  the  organism 
is  still  obscure.  Probably  certain  of  them  are  used  as  repair 
material  for  the  tissue  proteins.  Others  may  be  employed  for  the 
manufacture  of  important  products  of  internal  secretion.  It  is 


probable  that  thyroxine  and  adrenaline  are  made  from  tyrosine. 
Such  acids  as  are  not  required,  are  undoubtedly  deaminized 
and  the  residues  either  used  for  constructing  other  compounds, 
or  burned  as  fuel,  as  are  the  fats  and  carbohydrates. 

The  composition  of  the  proteins  of  the  tissues  is  remarkably 
constant,  and  quite  independent  of  the  nature  of  the  food  pro¬ 
tein.  A  horse  was  bled  to  remove  much  blood  protein.  This 
the  body  was  obliged  to  replace.  The  horse  was  fed  at  the  time 
on  gliadin,  a  grain  protein  containing  a  large  percentage  of 
glutamic  acid.  The  blood  proteins  contain  less  than  a  quarter 
as  much  glutamic  acid  as  does  gliadin,  but  they  were  regenerated, 
and  showed  no  variation  from  their  normal  composition. 

The  proteins  of  each  individual  tissue,  and  of  each  different 
animal  are  undoubtedly  specific,  that  is  .those  from  different 
sources  differ  slightly  in  composition.  It  has  been  suggested  that 
possibly  they  are  the  substances  which  transmit  species  charac- 

r  T*  thCy  Vary  in  different  ani™ls,  whereas  most  of 

arl  °  r  n  7  "°nip0Unds>  such  as  salts  and  carbohydrates 

e  practically  identical  in  different  animals.  This  is  in  the 
realm  of  speculation,  however. 
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Carbohydrate  Metabolism. — A  field  of  interest  second  only 
to  that  of  protein  metabolism  is  the  metabolism  of  carbohydrates. 
Carbohydrates  make  up  a  large  and  important  part  of  our  food, 
and  although  they  play  a  much  less  conspicuous  role  as  constitu¬ 
ents  of  body  tissue,  they  are  excellent  fuels,  and  furnish  the  body 
with  a  considerable  proportion  of  the  material  burned  for  the 
maintenance  of  body  temperature  and  the  performance  of  me¬ 
chanical  work. 

The  various  carbohydrates  of  the  food,  such  as  starches,  dex- 
trins  and  disaccharides  are  reduced  to  monosaccharides  by  the 
digestive  enzymes,  and  as  such  are  absorbed  and  pass  into,  the 
blood  stream.  What  is  their  further  fate?  The  monosaccha¬ 
rides  have  been  shown  to  be  present  in  the  blood  stream  as  such, 
and  not  combined  or  united  with  any  other  substance,  at  least 
in  more  than  a  small  percentage.  Dialysis  of  blood  against 
glucose  solutions  of  various  strengths  has  shown  that  the 
blood  sugar  is  evidently  free. 

The  blood  from  the  intestine  is  gathered  into  the  portal  vein 
and  passes  to  the  liver  and  here  begins  the  story  of  its  utilization 
in  the  body.  Claude  Bernard,  a  French  scientist,  discovered  in 
the  liver  a  substance  to  which  he  gave  the  name  glycogen.  This 
substance  is  a  polysaccharide,  and  on  hydrolysis  yields  glucose. 
Glycogen  occurs  in  places  other  than  the  liver,  for  example,  the 
muscles  also  may  contain  it.  It  appears  that  glycogen  is  a 
reserve  supply  material  which  serves  to  store  up  sugar  for  the 
organism.  In  case  of  need,  the  gljmogen  is  broken  down,  and  fur¬ 
nishes  the  tissues  with  a  supply  of  glucose  for  fuel.  The  amount 
of  glycogen  which  the  liver  and  muscles  can  store  is  limited, 
however.  About  150  grams  is  the  maximum  amount  which  either 
of  these  tissues  can  lay  up.  Since  glycogen  is  a  reserve  fuel  for 
the  body,  it  is  called  upon  in  case  of  need  and  conditions  re¬ 
quiring  the  body  to  call  on  its  reserves  will  cause  a  diminution 
in  the  glycogen.  Liver  glycogen  appears  to  be  available  for 
immediate  use.  Hard  work,  starvation,  exposure  to  cold  and 
various  other  conditions  will  temporarily  reduce  the  amount 
of  glycogen  in  the  liver,  and  also  in  the  muscles.  The  sources 
from  which  glycogen  may  be  built  up  will  be  discussed  at  a 
later  point  in  this  chapter. 
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The  breaking  down  of  liver  glycogen  has  been  shown  to  be 
influenced  by  a  center  in  the  medulla.  Injury  to  this  center, 
which  may  be  brought  about  in  rabbits  by  forcing  a  steel  pencil 
into  the  brain  in  front  of  the  occipital  prominence  in  such  a 
way  that  the  floor  of  the  fourth  ventricle  is  pierced,  causes  sugar 
to  appear  in  the  urine.  The  percentage  of  sugar  in  the  blood 
rises  much  above  normal.  If  the  animal  is  killed  and  the  liver 
examined,  it  will  be  found  to  contain  only  a  trace  of  glycogen. 
Evidently  impulses  from  this  region  of  the  medulla  cause  the 
conversion  of  liver  glycogen  into  glucose.  Overstimulation  of 
this  center  results  in  flooding  the  blood  with  sugar.  The  kidneys 
retain  sugar  up  to  a  certain  level  in  the  blood.  Any  excess 
over  this  amount  is  excreted  in  the  urine.  The  threshold  value 
above  which  sugar  appears  in  the  urine  is  about  160-180  mg. 
glucose  per  100  c.c.  of  blood,  whereas  the  normal  amount 
ranges  usually  between  90  and  120  mg.  The  glycosuria  is 
temporary,  and  passes  off  after  a  short  time.  The  center  is  con¬ 
sidered  to  be  a  true  reflex  center,  and  may  be  stimulated  by 
afferent  impulses.  Thus  if  the  vagus  is  severed  and  the  central 
end  stimulated,  sugar  appears  in  the  urine.  If  the  splanchnics 
are  cut,  there  is  no  glycosuria  after  puncture.  Thus  evidently, 
it  is  only  the  adrenal  which  is  affected  by  puncture,  and  the 
impulses  are  carried  by  the  splanchnics.  Glycosuria  produced 
by  “sugar  puncture”  is  due  to  secretion  of  adrenaline. 

If  adrenaline  is  injected,  an  increase  of  blood  sugar  occurs, 
v  hich  has  its  source  in  liver  glycogen,  since  no  glycosuria 
results  if  the  glycogen  supply  of  the  liver  has  been  exhausted.* 
It  has  been  suggested  that  the  action  of  the  sugar  center  in  the 
medulla  is  by  way  of  the  adrenals  since  after  inactivation  of 
the  adrenal  medulla  only  a  slight  rise  in  blood  sugar  follows 
“sugar  puncture.” 

According  to  Langfelt  liver  diastase,  the  enzyme  which  brings 
about  glycogenolysis  (breaking  down  of  glycogen),  in  the  form 
of  its  chlorine  derivative,  acts  best  at  a  pH  of  6.8,  and  in  the  form 
of  its  phosphate  derivative  at  a  pH  of  6.2.  In  the  presence  of 

aboT^  thTet0Ptim,u”  PH  was  The  pH  of  the  blood  is 

out  7.45.  It  should  be  remembered  that  the  enzyme  which 

speeds  up  g  ycogenolysis  should  speed  up  glycogen  synthesis. 


•See  p.  277. 
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Cori  showed  that  adrenaline  increased  liver  glycogen  in  well-fed 
rats.  There  may  be  several  pathways  of  glycogenolysis  influ¬ 
enced  by  a  number  of  enzymes.  For  instance,  maltose,  isomal¬ 
tose  or  lactic  acid  might  arise  from  glycogen  by  action  of  dif¬ 
ferent  enzymes.  Furthermore,  changes  in  the  relative  volumes 
of  portal  and  arterial  blood  to  the  liver  might  affect  the 
systemic  blood  sugar  without  changing  the  glucose-glycogen 
equilibrium  point. 

The  pancreas  has  been  shown  to  play  an  important  part  in  the 
utilization  of  sugar  by  the  body.  This  is  connected  with  the  burn¬ 
ing  of  the  sugar  as  fuel  and  also  with  the  storage  of  glycogen  in 
the  muscles  and  liver.  If  the  pancreas  of  an  animal  is  removed, 
sugar  appears  in  the  urine,  and  the  amount  of  blood  sugar  rises 
much  above  the  normal.  Very  little  liver  glycogen  is  stored  up. 
The  explanation  of  these  facts  occupied  a  great  many  years. 
It  was  found  that  if  even  a  small  portion  of  pancreas  tissue 
is  grafted  under  the  skin  and  the  blood  vessels  and  nerves  of 
the  fragment  left  intact,  extirpation  of  the  remainder  of  the 
gland  does  not  cause  glycosuria.  The  action  of  the  pancreas 
is  evidently  independent  of  the  pancreatic  juice  secreted  into 
the  intestine.  If  this  transplanted  portion  of  the  pancreas 
is  subsequently  removed,  hyperglycemia  (excess  sugar  in  the 
blood)  and  glycosuria  appear.  The  pancreas  produces  a  sub¬ 
stance  which  is  given  off  into  the  blood,  an  “internal  secre¬ 
tion/  ’  without  which  the  tissues  are  unable  to  use  glucose. 
If  this  substance  is  lacking,  the  amount  of  glucose  in  the  blood 
increases,  and  the  excess  is  excreted  in  the  urine.  It  has  often 
been  affirmed  that  the  “Islands  of  Langerhans,”  small  groups 
of  certain  cells  present  in  the  pancreas,  are  responsible  for  the 
production  of  this  important  internal  secretion. 

In  1922  light  was  thrown  on  this  entire  field  by  Banting  and 
Best,  who  discovered  and  isolated  insulin  from  pancreatic  tissue. 
The  existence  of  this  substance  had  been  shown  by  Murlin  and 
others,  but  it  had  not  been  isolated.  If  administered  to  a  dia¬ 
betic,  insulin  brings  about  a  fall  in  the  level  of  blood  sugar,  a 
decrease  in  the  sugar  in  the  urine  and  in  the  amount  of  acetone 
bodies  which  occur  in  the  urine  of  a  diabetic  as  the  result  of 
failure  on  the  part  of  the  body  to  oxidize  completely  fatty  acids 
and  certain  of  the  amino  acids.  Other  evidence  which  indicates 
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that  more  sugar  is  oxidized,  is  the  rise  of  the  respiratory  quo¬ 
tient  after  the  administration  of  insulin.  (See  the  discussion 
of  the  respiratory  quotient  at  a  later  point  in  this  chapter.) 

According  to  Cori  insulin  causes  liver  glycogen  to  change 
partly  to  muscle  glycogen,  and  adrenaline  causes  muscle  gly¬ 
cogen  to  change  to  lactic  acid  which  changes  to  liver  glycogen 
and  then  to  blood  sugar. 

Still  another  factor  is  concerned  in  the  control  of  glucose 
utilization  in  the  body,  and  that  is  the  influence  of  the  kid¬ 
neys.  It  has  been  stated  that  the  kidneys  are  “set”  to  retain  a 
definite  percentage  of  sugar  in  the  blood.  The  kidney's  may  be 
injured  by  the  injection  of  the  drug,  phlorhizin,  and  sugar 
appears  in  the  urine  for  eight  hours.  It  is  of  interest  in  this 
connection  that  the  drug  causes  marked  degeneration  of  kid¬ 
ney  epithelium. 

In  a  rather  rare  condition  known  as  renal  diabetes  or  benign 
glycosuria,  the  kidneys  pour  out  sugar  into  the  urine  even 
when  blood  sugar  is  at  its  normal  level,  thus  reducing  it  in’ 
amount.  For  this  reason  blood  sugar  should  be  determined 
before  giving  insulin. 

Much  speculation  has  been  expended  on  the  cause  of  diabetes 
mellitus  in  man  and  its  possible  relationship  to  one  or  another 
of  the  forms  of  experimental  diabetes  discussed,  i.e.,  puncture 
diabetes,  pancreatic  diabetes,  or  phlorhizin  diabetes.  Clini¬ 
cians  now  are  of  the  opinion  that  it  is  closely  allied  to  pan¬ 
creatic  diabetes. 


In  the  study  of  diabetes  much  use  has  been  made  of  the  so- 

inn6,™™6"”'  Me™nce'  A  normal  Person  may  take  by  mouth 
100-400  grams  of  glucose,  or  even  more  without  the  appear- 

ance  of  sugar  in  the  urine.  If  sugar  appears  in  the  urine  after 
takmg  100  grams  of  glucose,  the  subject  is  considered  to  be 

bettci'  n  °tfya!  measures  the  am°nnt  of  glucose  which  may 
jected  without  causing  glycosuria  (sugar  in  the  urine )  He 

reports  that  in  the  normal  person  O.S-o'fl  g™ns  glucose  per  kdo 

of  body  weight  per  hour  may  be  used  by  the  body.  In  a  diabetic 

f  course,  the  amount  would  be  smaller  than  this,  and  if  the 

above-mentioned  amount  is  injected,  sugar  appears  n  he  urine 

The  ordinary  method  is  to  give  50  g.  glucose  after  a  14  hour 
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fast  and  compare  fasting  blood  sugar  with  that  at  y2  hour  and 
2  hours  after  taking  glucose.  Normal  persons  show  rise  to 
0.15%  and  fall  to  normal  in  2  hours  and  no  rise  on  taking  a 
second  50  g.  of  glucose.  Diabetics  show  greater  rise  and  slower 
fall.  After  fasting  more  than  24  hours,  normal  persons  show 
a  diabetic  curve.  This  lias  been  called  starvation  diabetes,  but 
it  also  occurs  after  a  prolonged  carbohydrate-free  diet. 

A  review  of  the  foregoing  discussion  suggests  that  the  in¬ 
ternal  factors  regulating  carbohydrate  metabolism  in  the  body 
include  a  center  in  the  medulla,  presiding  over  the  internal 
secretion  of  the  suprarenals,  operative  in  a  similar  way,  the 
internal  secretion  of  the  pancreas,  insulin,  without  which  sugar 
cannot  be  burned  by  the  cells,  and  the  action  of  the  kidney, 
which  regulates  the  level  of  sugar  in  the  blood. 

Various  forms  of  temporary  glycosuria  are  known.  Thus, 
after  excessive  exercise,  during  great  agitation  or  mental  strain 
such  as  is  often  experienced  by  students  taking  a  difficult  ex¬ 
amination  (emotional  glycosuria),  or  after  taking  excessive 
amount  of  simple  carbohydrates  (alimentary  glycosuria)  sugar 
may  appear  in  the  urine.  In  the  case  of  the  first  two  conditions, 
the  glycosuria  is  believed  to  depend  on  a  production  of  adren¬ 
aline,  which  is  known  to  be  secreted  at  times  of  great  exertion  or 
emotional  stress,  a  logical  process,  since  at  such  times  the  mus¬ 
cles  are  apt  to  need  an  increased  supply  of  fuel  for  use  in  pos¬ 
sible  pursuit,  flight,  or  combat. 

An  important  phase  of  carbohydrate  metabolism  is  concerned 
with  the  ultimate  fate  of  the  glucose  which  is  burned  as  fuel. 
How  and  where  does  the  burning  or  oxidation  take  place,  and 
how  is  it  controlled?  There  is  still  much  uncertain  ground  in 
this  field,  though  much  progress  has  been  made.  Various 
methods  have  been  employed  to  throw  light  on  the  problem.  In¬ 
teresting  results  have  developed  from  a  study  of  the  respiiatory 
quotient.  This  term  is  used  for  the  ratio  between  the  volume  of 
carbon  dioxide  excreted  in  the  respired  air,  and  the  volume  of 

CO 

oxygen  consumed,  and  is  indicated  as^-2.  If  glucose  is  oxidized 
to  CO.,  and  water  a  certain  amount  of  oxygen  is  consumed. 

C6H1206+6  02-*6  C02+6  H20. 
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For  every  molecule  of  C02  produced,  one  molecule  of  02  is  used 
up.  There  is  already  enough  0  in  the  carbohydrate  to  take  care 
of  the  hydrogen  present.  Thus  the  volume  of  02  consumed 

CO 

equals  the  volume  of  C02  produced,  and  =  1.  This  will 


be  true  in  the  body  as  well  as  elsewhere  provided  the  oxidation 
of  the  carbohydrate  to  C02  and  H20  is  complete.  If  a  fatty 
acid  is  burned  in  the  same  way,  the  respiratory  quotient  is  less 
than  one.  It  does  not  contain  sufficient  oxygen  to  take  care 
of  the  hydrogen.  Thus  part  of  the  oxygen  consumed  is  ex¬ 


creted  as  water,  and  in  the  expression 


the  denominator  is 


larger,  and  the  ratio  is  less  than  one  (about  0.7).  In  the  case  of 
amino  acids  (from  the  proteins)  the  value  lies  between  those  for 
carbohydrates  and  fats  (about  0.8).  By  actual  measurement  of 
the  amount  of  C02  excreted  by  an  animal  and  the  amount  of 
02  consumed,  it  is  possible  to  draw  conclusions  as  to  the  kind  of 
material  which  the  body  is  burning. 

Further  evidence  of  the  fate  and  history  of  glucose  in  the 
body  has  been  obtained  by  a  study  of  the  various  experimental 
glycosurias  described  above. 


Although  much  labor  has  been  expended  to  clear  up  the 
exact  mechanism  of  the  burning  of  glucose  in  the  muscles,  very 
little  is  known  of  the  steps  in  the  process.  We  are  sure  that 


glucose  serves  as  fuel  for  the  muscles  from  evidence  of  various 
soits  but  only  in  the  presence  of  a  substance  produced  in  the 
pancreas.  Lactic  acid  is  an  intermediate  stage  in  the  process 
of  burning  sugar,  but  muscles  poisoned  with  iodoacetic  acid 
may  contract  repeatedly  although  no  lactic  acid  is  formed.  The 
diabetic  is  unable  to  use  glucose  because  the  necessary  internal 
secretion  of  the  pancreas  is  wanting,  but  this  only  brings  us  a  step 
nearer  the  solution  without  actually  furnishing  it.  The  dia¬ 
betic  is  still  capable  of  performing  oxidations,  for  many  sub¬ 
stances  other  than  glucose  are  oxidized  with  ease.  It  has  been 
suggested  that  the  difficulty  is  in  the  first  attack  of  cleavage 

not  hirST  “0le.?le’  bUt  there  is  some  evidence  which  does 

ea'  ^  Sha"  haVe  SWait  fi»al  — 
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Sources  of  Glycogen. — The  study  of  the  sources  from  which 
glycogen  may  be  built  up  in  the  body  has  been  greatly  facilitated 
by  the  knowledge  of  the  experimental  glycosurias.  It  is  of  in¬ 
terest  to  know  what  substances  are  glycogen  formers  in  the  body. 
One  method  of  study  is  to  render  an  animal  as  nearly  as  possible 
glycogen-free,  and  then  to  feed  the  substance  to  be  investigated. 
The  animal  may  then  be  killed  and  the  glycogen  content  of  liver 
and  muscles  estimated.  If  glycogen  is  present  in  quantity,  it 
either  will  have  been  formed  from  the  material  fed,  or  indirectly, 
if  this  food  has  ‘  ‘  spared  ”  (or  been  burned  in  place  of)  some  other 
glycogen  former.  A  second  method  is  to  render  the  animal  dia¬ 
betic  by  alloxan,  phlorhizin  or  other  means.  A  substance  may 
then  be  fed,  and  the  amount  of  sugar  in  the  urine  estimated.  An 
increase  will  indicate  that  the  substance  fed  is  a  glycogen  or 
rather  glucose  former,  provided  the  possible  origin  of  the  excess 
glucose  from  body  constituents  is  excluded.  To  render  an  animal 
glycogen-free,  it  may  be  made  to  fast  for  some  time  and  sub¬ 
jected  to  cold,  or  thrown  into  convulsions  by  giving  strych¬ 
nine.  A  method  of  study  depending  upon  quite  different  tech¬ 
nic  may  be  used.  The  liver  may  be  excised,  and  kept  supplied 
with  a  circulating  medium,  either  blood  or  some  other  fluid. 
The  substance  to  be  studied  may  then  be  introduced  into  the 
circulating  fluid,  and  the  glycogen  content  of  the  liver  deter¬ 
mined  later. 

It  has  been  found,  as  might  be  expected,  that  glucose  forms 
glycogen.  Any  substance  which  will  form  glucose  in  the  liver, 
will  be  a  possible  glycogen  former.  Fructose,  mannose,  galactose 
and  lactic  acid  form  glycogen.  On  hydrolysis,  this  glycogen  is 
converted  into  glucose  and  not  into  the  substance  from  which 
it  was  produced.  This  is  an  interesting  fact,  as  it  is  an  ex¬ 
ample  of  a  conversion  of  one  monosaccharide  into  another  in 
the  body.  Naturally  all  carbohydrates  which  are  digested  to 
monosaccharides  in  the  alimentary  tract  will  thus  be  sources  of 
glycogen.  It  has  been  shown,  however,  that  there  are  sources  of 
glycogen  other  than  the  carbohydrates  and  lactic  acid. 

If  an  animal  is  made  diabetic  by  removal  of  the  pancreas  or 
in  some  other  way,  glucose  appears  in  the  urine.  It  continues  to 
be  excreted  when  the  glycogen  supplies  of  the  body  have  been 
exhausted.  If  protein  is  fed  to  such  an  animal,  the  amount  of 
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glucose  in  the  urine  increases.  There  is  a  certain  parallelism 
between  the  amount  of  glucose  (dextrose)  excreted  and  the 
amount  of  nitrogen  in  the  urine.  This  is  known  as  the  D  :N 
or  G  :N  ratio.  All  the  protein  is  not  converted  into  glucose. 
Portions  of  some  of  the  amino  acids  are  destroyed  or  converted 
into  other  substances.  Lusk  found  that  58  g.  of  glucose  is  the 
maximum  amount  which  the  body  may  produce  from  100 
grams  of  protein  (this  contains  ca.  16  grams  nitrogen).  A 
ratio  of  G:N  =  58:16  or  about  3.65:1  would  indicate  that 
none  of  the  glucose  produced  from  protein  was  being  burned 
by  the  body,  in  other  words  a  complete  failure  on  the  part  of 
the  tissues  to  burn  glucose.  Thus  3.65  is  known  as  the  fatal 
ratio.  Later  work  showed  that  dogs  and  cats  convert  only  45% 
of  protein  into  glucose  (G/N  =  2.8).  By  observing  the  G:N 
ratio  when  various  amino  acids  were  fed,  it  has  been  shown 
beyond  doubt  that  some  amino  acids  are  converted  completely 
into  glucose  in  the  body,  some  others  only  partially.  There  is 
thus  no  question  of  the  formation  of  glucose  (and  glycogen) 
from  the  carbon  chain  of  the  amino  acids,  and  thus  indirectly 
from  the  proteins. 

Very  little  glycogen  is  formed  from  fat.  The  glycerol  por¬ 
tion  may  be  converted  into  glucose  but  the  fatty  acids  do  not 
appear  to  be  converted  into  glucose.  Glycerol  makes  up 
about  %o  of  the  total  weight  of  the  fat. 

The  treatment  of  diabetics  has  been  revolutionized  since 
the  discovery  of  insulin.  It  should  be  borne  clearly  in  mind 
that  insulin  is  not  a  cure,  for  diabetes,  since  its  administration 
does  not  restore  the  deranged  pancreas  to  a  normal  condition. 
Insulin  merely  supplies  the  missing  hormone,  and  makes  it 
possible  for  the  tissues  to  utilize  sugar.  It  must  be  adminis¬ 
tered  continuously,  or  until  the  patient  spontaneously  recovers. 

Another  great  advance  in  the  treatment  of  diabetes  has 
resulted  from  the  studies  of  Banting,  Best,  Macleod,  Shaffer 
Woodvatt  and  Snapper  on  the  proper  use  of  insulin.  It  ap¬ 
pears  that  a  normal  kidney  is  necessary  for  the  complete  oxi- 
ation  of  fatty  acids,  and  if  the  amount  of  available  glucose 
is  inadequate,  unusual  amounts  of  acetone  bodies  reach  the 
kidney  and  appear  in  the  urine.  These  come  not  only  from 
fatty  acids,  but  also  from  certain  of  the  amino  acids  The 


282 


PHYSIOLOGICAL  CHEMISTRY 


substances  which  give  rise  to  acetone  bodies  are  designated  as 
“ketogenic.”  Glucose,  which  spares  fats,  is  called  “antiketo¬ 
genic.  ’  ’  In  the  diet  the  ketogenic  material  consists  of  the  fatty 
acids  (0.9  of  the  weight  of  the  fat)  and  0.23-0.39  of  the  weight 
of  the  protein,  since  this  proportion  of  the  protein  will  form 
acetone  bodies.  The  antiketogenic  substances  are  glucose  (car¬ 
bohydrate  in  the  diet),  0.1  of  the  weight  of  fat  (this  represents 
the  glycerol)  and  0.45-0.58  of  the  weight  of  protein,  since  from 
100  grams  of  protein,  45-58  grams  of  glucose  may  arise. 

The  molecular  weight  of  glucose  is  180,  the  average  of  the 
molecular  weights  of  palmitic  and  oleic  acids  is  270.  If  glu¬ 
cose  and  fatty  acid  were  present  in  equimolecular  proportions, 

their  actual  weights  thus  would  be  in  the  ratio  =  1.5. 

180 

Shaffer  postulated  that  if  large  amounts  of  ketogenic  molecules 
are  present,  two  of  these  will  be  burned  with  one  molecule  of 


glucose,  and  the  ratio 


FA 

G 


would  equal  3. 


If  the  ratio  exceeds 


this  figure,  ketone  bodies  would  occur  in  the  urine.  Snapper 
showed  that  hydroxybutyric  acid  is  burned  in  the  kidney,  and 
it  is  known  that  much  glucose  is  burned  in  the  muscles.  If 
the  diabetes  is  fairly  severe,  the  sugar  tolerance  of  the  patient 
may  be  so  low  that  even  though  it  be  supplied,  the  body  will 
be  unable  to  burn  enough  sugar  to  prevent  the  excretion  of 
acetone  bodies.  In  such  cases  insulin  may  be  used  to  increase 
carbohydrate  oxidation ;  even  with  the  use  of  insulin,  however, 
the  diet  should  be  carefully  adjusted.  It  should  be  remembered 
that  acetone  bodies  occur  in  normal  urine  but  in  diabetes  they 
may  equal  100  g.  per  day. 

Metabolism  of  Fats. — The  fats  are  digested  in  the  alimen¬ 
tary  tract  and  absorbed  in  the  form  of  fatty  acids  and  soaps.  In 
this  process  the  bile  salts  play  an  important  role.  In  the  cells 
of  the  villi,  however,  a  resynthesis  of  neutral  fat  takes  place, 
and  at  least  most  of  the  fatty  acids  and  glycerol  are  recombined, 
and  poured  into  the  blood  stream  by  way  of  the  thoracic  duct. 
Fats  are  stored  away  in  a  variety  of  places,  subcutaneously,  in 
the  intramuscular  spaces,  around  the  abdominal  viscera  and 
elsewhere.  There  is  practically  no  limit  to  the  amount  which 
may  be  laid  away.  This  is  in  sharp  contrast  to  the  non-storage 
of  excess  protein,  and  to  the  limited  glycogen  reserves.  Fat  is 
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a  reserve  fuel,  and  it  also  protects  the  body  from  loss  of  heat, 
like  a  subcutaneous  blanket,  for  it  is  a  poor  conductor. 

If  a  pig  is  fed  excessive  amounts  of  carbohydrate  food,  it  will 
lay  on  reserves  of  firm  fat.  There  is  evidence  thus  that  carbo¬ 
hydrates  may  be  converted  into  fat  in  the  body,  although  it 
seems  that  the  reverse  process  does  not  take  place,  at  least  it  is 
very  questionable.  Since  amino  acids  may  be  converted  into 
carbohydrates,  they  also  may  be  fat  formers. 

The  fats  of  the  great  inert  fat  deposits  are  mostly  true 
neutral  fat,  whereas  the  “fats”  in  the  active  tissues  are  prob¬ 
ably  largely  in  some  other  form,  perhaps  lecithin  or  allied  sub¬ 
stances.  On  hydrolysis,  these  yield  a  much  lower  percentage 
of  fatty  acids.  The  “fats”  of  the  liver  are  intermediate  be¬ 
tween  depot  and  tissue  fats.  Blood  “fat”  is  a  mixture  of 
lipids  and  cholesterol.  It  is  likely  that  the  depot  fats,  when 
mobilized,  are  converted  in  the  liver  into  lecithin  or  something 
similar,  and  also  to  a  certain  extent  the  acids  are  unsaturated. 
This  process  may  explain  the  necessity  of  choline  in  the  diet 
(forming  lecithin).  Feeding  a  particular  fat  influences  the 
depot  fat  and  may  lead  to  soft  pork  in  pigs  (they  are  born  with 
soft  fat). 

Light  has  been  thrown  upon  the  mechanism  of  fat  oxidation 
in  the  body  in  various  ways.  Ordinarily  the  fatty  acids  are 
burned  completely  to  C02  and  H20.  By  introducing  into  the  or¬ 
ganism  compounds  in  which  a  fatty  acid  side  chain  is  attached 
to  a  benzene  ring,  the  last  step  in  this  destruction  of  the  side 
chain  is  pi  evented  and  the  nature  of  the  resulting  substance  may 
be  studied.  Such  compounds  in  which  the  side  chain  has  an 
even  number  of  carbon  atoms  are  oxidized,  and  the  side  chain 
destroyed  two  carbon  atoms  at  a  time  (Knoop’s  theory).  From 
phenylbutyric  acid,  phenyl  acetic  is  produced.  This  substance 
is  conjugated  with  glycine  and  excreted  as  phenyl  aceturic  acid 
a  compound  of  phenyl  acetic  and  glycine  analogous  to  hippuric 
aci  (q.v.).  If  the  original  side  chain  contains  an  uneven 
number  of  carbon  atoms,  the  side  chain  is  oxidized  to  benzoic 
acid,  which  is  conjugated  with  glycine  and  excreted  as  hip- 

are  oxbl^'d  FrT  I''686  feCtS  H  *S  evident  that  the  side  chains 
at  each  step  S<>  ^  °ne  Carb°n  at°m’  but  two  are  removed 
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Thus  it  is  believed  that  the  fatty  acids  from  the  fats  also  are 
oxidized  two  carbon  atoms  at  a  time  (and  butter  contains  a  com¬ 
plete  series  from  4  to  18  C  atoms),  the  final  products  normally 
being  converted  completely  into  carbon  dioxide  and  water.  The 
acetoacetic  acid  CH3— CO— CH2— COOH,  0-hydroxybutyric 
CHOH — CHo — COOfI  and  acetone  which  appear  in  the 
urine  in  the  advanced  stages  of  diabetes,  when  the  organism  is 
so  severely  affected  that  its  powers  of  oxidation  are  impaired, 
are  believed  to  be  largely  products  of  the  incomplete  oxidation 
of  fatty  acids,  though  acetoacetic  has  been  shown  to  arise  also 
from  certain  of  the  amino  acids.  Snapper  has  shown  that 
/3-hydroxybutyric  acid  is  oxidized  in  the  kidney.  In  diabetes 
the  amount  is  excessive  and  the  kidney  is  damaged. 

Metabolism  of  Inorganic  Material. — The  metabolism  of  inor¬ 
ganic  material  assumes  an  aspect  somewhat  different  from  that 
of  the  organic  substances,  for  the  reason  that  inorganic  sub¬ 
stances  except  S  are  not  burned  in  the  organism,  and  thus 
are  not  sources  of  energy.  There  is,  of  course,  more  or  less 
interchange  of  radicles,  and  to  a  certain  extent  inorganic  sub¬ 
stances  are  built  into  compounds  of  organic  nature.  But  quite 
aside  from  this,  inorganic  materials  play  a  very  important  part 
in  metabolism.  Numerous  chemical  reactions  in  the  body  are 
controlled,  or  influenced  by  salts.  The  irritability  of  muscle  and 
nerve  is  greatly  affected  by  the  kind  and  amount  of  salts  pres¬ 
ent.  The  clotting  of  blood  and  of  milk  are  both  dependent  upon 
the  presence  of  calcium.  The  general  osmotic  equilibrium  of 
tissues  and  fluids  depends  in  large  measure  upon  salts.  Even 
the  development  of  the  unfertilized  eggs  of  some  animals  may 
be  stimulated  by  certain  salts.  Evidently  the  inorganic 
materials  of  the  body  have  far  more  extended  importance  than 
merely  to  form  an  inert  framework  to  support  and  protect  the 
soft  organs  and  tissues. 

Osborne  and  Mendel,  in  1918,  fed  rats  on  diets  which  were 
adequate  in  every  respect  except  their  content  of  inorganic 
materials.  Various  salts  were  added  to  this  diet.  It  was  found 
that  the  omission  of  chloride,  phosphorus,  sodium,  potassium 
or  magnesium  caused  the  animals  to  stop  growing.  Evidently 
certain  salts  are  necessary  for  normal  growth.  It  is  also  well 
known  that  a  calcium-free  diet  results  in  osteoporosis.  Hart, 
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McCollum  and  Humphrey  fed  a  cow  on  a  diet  deficient  in 
calcium.  In  a  little  over  three  months  she  lost  5.5  pounds  of 
calcium  from  her  own  body.  It  is  quite  evident  that  an  ade¬ 
quate  supply  of  inorganic  materials  must  be  included  in  the 
diet.  The  ordinary  mixed  diet  of  the  average  adult  usually 
contains  these  substances  in  sufficient  quantity  and  diversity. 
Osteoporosis  and  rickets  are  not  always  due  to  absolute  short¬ 
age  of  Ca  or  P  in  the  food,  but  also  to  deranged  metabolic 
conditions  which  result  in  failure  on  the  part  of  the  organism 
properly  to  use  its  available  supplies  (lack  of  vitamin  D). 
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Fig.  53. — Hours  of  sunshine  in  the  United  States. 


During  the  World  War  Davenport  and  Love  charted  the  de¬ 
fects  in  drafted  men.  Loss  and  defects  of  teeth  are  shown  in 
Fig.  54. 

In  the  United  States  the  area  of  best  teeth  included  a  region 
high  in  fluorine  but  also  high  in  sunshine  (Fig.  53).  Pickerell 

c  aimed  Polynesian  aborigines  had  good  teeth  but  Fig.  55  shows 
one  having  caries. 

Developmental  defects  in  teeth  and  curvature  of  the  spine 

disfribnt  T  riCkCtS  and  Fig'  56  Sh0WS'  a  similar 

dBtnbut.on  of  curvature  of  the  spine  as  of  defective  teeth  in 
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In  the  growth  of  male  rats  the  Ca,  Mg,  and  P  are  approxi¬ 
mately  a  linear  function  of  body  weight  but  the  female  stores 
an  excess  of  Ca  and  P,  which  may  be  considered  in  relation 
to  their  reproductive  function  (Fig.  57). 


ratio  PIR  IOOO  nCN  TOTAL,  CAMPS  ANO  LOCAL  BOA8BS 


Fig.  54. — Defective  teeth  per  thousand  recruits.  Defects  found  in  drafted 
men,  War  Department.  (Love  and  Davenport,  1920.) 


Fig.  55.— Dental  caries  in  a  Polynesian  aborigine.  (Chappel.)  (Wiley: 
B  Manual  of  Bioehem.,  1934.) 

Calcium.— Waters  .and  his  coworkers  at  the  University  of 
Missouri  showed  that  when  a  calf  is  kept  on  a  reduced  ration 
so  that  the  body  weight  remains  constant  the  bones  grow  an 
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the  skin  shrinks.  Ca  is  being  stored  although  there  is  no  in¬ 
crease  in  body  weight.  McClendon*  showed  that  young  rats 
not  growing  at  all  may  store  from  1  to  4  mg.  of  Ca  per  day. 
Before  the  discovery  of  vitamin  D  Sherman  recommended  from 
%  to  1  gram  of  Ca  per  day  for  human  beings.  The  amount 
taken  in  in  the  diet  influences  the  amount  stored,  but  several 
vitamins,  especially  vitamins  C  and  D,  influence  the  storage 
of  Ca.  Steenbock  showed  that  vitamin  D  greatly  increased 
the  storage  of  Ca  in  cows.  Robb,  Medes  and  McClendon  showed 
that  when  vitamin  C  is  absent  from  the  diet  of  guinea  pigs, 
the  bones  and  teeth  dissolve  and  pass  out  in  the  urine.  The 


Fig.  56.  Curvature  of  the  spine  per  thousand  recruits. 

drafted  men.  (Love  and  Davenport.) 


Defects  found  in 


parathyroid  hormone,  parathormone,  was  first  reported  by  Han¬ 
sen,  then  purified  to  a  greater  extent  by  Collip.  It  causes  an 
increase  in  blood  Ca,  and  if  there  is  no  other  source  the  bones 
dissolve  and  phosphates  pass  out  in  the  urine.  The  combined 
action  of  the  parathyroids  in  the  body  and  vitamin  D  and  Ca  in 
the  food  is  desirable  for  the  proper  Ca  metabolism. 

Phosphorus.— Elemental  phosphorus  is  a  poison  and  appar¬ 
ently  has  no  other  function.  Furthermore,  metaphosphoric 
acid  and  pyrophosphoric  acid  act  in  a  toxic  manner.  Ortho- 
phosphoric  acid  and  its  compounds  are  the  only  normal  phys- 
lological  substances  containing  phosphorus.  McClendon  showed 
thaXm  the  young  rat  without  growth  in  bodv  weight  2  mg  of 


•Am.  J.  Physiol.  61:  373,  1922. 
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phosphorus  is  stored  per  day,  and  per  every  gram  of  normal 
growth  2.2  mg.  additional  is  stored.  Without  this  much 
storage  there  is  failure  to  mineralize  the  new  bone  tissue 
(osteoid  tissue)  in  the  growing  ends  of  the  bone,  and  rachitic 
metaphysis”  develops  between  the  epiphysis  and  diaphysis 
of  the  bone,  which  is  a  mass  of  osteoid  tissue  which  does  not 
mineralize  (Fig.  22).  The  fact  that  the  rachitic  metaphysis 
does  not  develop  (at  least  to  the  magnitude  observable  by  the 
naked  eye)  in  the  absence  of  Ca  in  the  diet  is  due  to  the  fact 
that  the  absence  of  Ca  stops  the  growth  of  the  osteoid  tissue. 


Whenever  phosphorus  is  stored,  Ca  is  stored,  which  may  be 
determined  by  ashing  the  whole  rat,  but  from  intake  and  outgo 
with  some  errors  in  collection,  the  ratio  P/Ca  apparently  varies 
from  0.3-0.6  by  weight.  Formation  of  bone  is  not  only  influ¬ 
enced  by  intakes  of  Ca  and  P  but  by  vitamins  C  and  D  and 
parathormone. 

Bone  tissues  contain  phosphatase,  which  hydrolyzes  organic 
phosphates  with  the  liberation  of  phosphoric  acid.  If  P  is  in¬ 
jected  intravenously,  blood  Ca  is  reduced,  and  vice  versa. 
Hence  infantile  tetany,  or  spasmophilia,  may  be  related  to  the 
P/Ca  ratio  in  the  retained  food  substances,  that  is  to  say,  a 
deposit  of  bone  should  lower  both  Ca  and  P  in  the  blood,  and 
since  the  product  [Ca++]  x  [HP04~]  tends  to  remain  constant, 
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the  retention  of  an  excess  of  P  would  tend  to  lower  the  con¬ 
centration  of  Ca.  Parathormone  combats  this  apparently 
favoring  the  excretion  of  excess  phosphorus  in  the  urine,  but 
this  has  been  disputed. 

Starvation. — If  an  animal  is  deprived  of  food  but  given 
enough  water  for  heat  regulation  it  will  live  for  some  time, 
drawing  upon  its  own  tissues  for  the  essential  materials  for 
fuel.  The  length  of  time  an  animal  will  survive  without  food 
varies  greatly  with  the  size  and  condition  of  the  animal ;  in 
general  a  large  or  a  fat  animal  will  survive  longer.  It  depends 
also  much  on  external  conditions.  If  exposed  to  cold  or  great 
exertions,  as  in  winter  or  shipwreck,  life  may  be  lost  in  a  few 
hours.  Otherwise,  fasting  may  be  continued  for  a  month  or 
longer  in  the  case  of  a  man,  without  death  ensuing.  Children 
die  much  sooner,  usually  in  four  or  five  days.  The  case  of  a 
dog  has  been  reported  in  which  the  animal  survived  117  days 
of  fast.  If  water  is  withheld  as  well  as  food,  death  results  from 
dehydration  fever. 

The  study  of  metabolism  during  fasting  furnishes  interesting 
information  about  the  chemical  processes  going  on  in  the  body. 
Benedict  has  published  an  exhaustive  study  of  a  man  fasting  31 
days  (see  Table  XII). 


Table  XII 


Thirty-One-Day  Fast. 

Twenty-Four-Hour 

Excretion 

BEGINNING 

G. 

end 

G. 

N 

Cl 

?A 

K*0 

CaO 

P  Hydroxybutyric  acid 

Na,0 

11.5 

0.250 

1.75 

2.0 

0.4 

0.5 

1.25 

7.0 

0.125 

1.3 

0.75 

0.2  # 
4.0 

0.06 

The  body  weight  was  reduced  from  60  to  48  kg.  and  the  B.M  R 
from  33  to  29  Cal.  sq.  m.hr.  and  the  R.Q.  from  0.8  to  0.72. 

During  fasting  there  is  of  course  continuous  loss  of  body 
weight.  Reserve  stores  of  glycogen  and  fat  are  called  upon,  but 
also  there  is  a  continuous  excretion  of  nitrogenous  material  in 
the  urine,  showing  that  some  protein  is  continually  broken  down 
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At  an  earlier  point  vve  have  noted  the  appearance  of  creatine  in 
starvation,  replacing  a  portion  of  the  normal  creatinine.  A  most 
interesting  fact  is  that  all  tissues  and  organs  do  not  lose  weight 
in  like  amount  as  starvation  proceeds.  Organs  of  vital  impor¬ 
tance,  such  as  the  heart,  the  brain  and  nerves,  are  preserved  prac¬ 
tically  without  loss  of  weight,  whereas  the  skin,  muscles, 
liver  (loses  glycogen)  and  adipose  tissue  lose  a  very  considerable 
portion  of  their  weight.  The  body  tries  to  save  the  most  vitally 
important  organs,  and  does  so  at  the  expense  of  less  indispen¬ 
sable  tissues,  which  are  called  upon  to  furnish  fuel. 

The  nitrogen  excretion  of  a  fasting  animal  gradually  de¬ 
creases  as  time  goes  on,  probably  as  a  result  of  the  decreased 
amount  of  protein  tissue  in  the  body.  Shortly  before  the  death 
of  the  animal  the  nitrogen  excretion  rises  sharply.  This  is  known 
as  the  pre-mortal  rise.  The  fat  is  used  up  and  protein  is  burned 
for  fuel.  Death  occurs  at  about  one-half  the  normal  body 
weight.  The  minimum  of  2.2  g.  nitrogen  per  day  observed  in 
Thomas’  laboratory  was  attained  only  by  feeding  the  subject  a 
high  calorie  diet  (about  4000  cal.  per  day)  containing  a  very 
small  amount  of  protein.  The  large  amount  of  nonprotein  ma¬ 
terial  furnished  the  body  with  sufficient  fuel  so  that  its  protein 
structures  were  spared.  The  same  may  be  said  of  Deuel’s  1.75  g. 
and  Neuberg’s  1  g.  urinary  N  per  day.  This  minimum  nitro¬ 
gen  excretion  on  a  high  calorie  diet  has  been  taken  by  some  to 
represent  the  actual  necessary  wear  and  tear  of  the  protein 
tissues  of  the  body.  Possibly,  however,  some  of  this  protein 
is  necessary  in  order  to  obtain  some  particular  amino  acid  or 
acids  needed  in  the  synthesis  of  some  absolutely  essential  prod- 
net  of  internal  secretion. 

In  the  early  days  of  a  fast,  a  person  usually  will  excrete 
Considerably  more  than  two  grams  of  nitrogen  per  day.  The 
subject  who  fasted  thirty-one  days  under  Benedict  s  observa¬ 
tion  eliminated  7  grams  nitrogen  on  the  first  day  of  the  fast. 
This  rose  to  about  12  grams  on  the  fourth  day,  since  the  gly¬ 
cogen  supplies  of  the  body  had  now  been  very  largely  used 
up,  and  then  gradually  declined  to  about  7  grams  on  the  thirty- 
first  day.  When  feeding  was  resumed,  the  nitrogen  excretion 
fell  off  sharply  from  this  value  to  3  g.  on  the  third  day. 


CHAPTER  XVI 
ENERGY  EXCHANGE 


Owing  to  the  number  of  chemical  reactions  in  the  body  the 
general  bookkeeping  is  done  in  terms  of  energy.  The  founda¬ 
tion  of  present-day  knowledge  was  laid  by  Priestly  and  Lavoi¬ 
sier.  Priestly  discovered  oxygen  and  Lavoisier  showed  that 
the  heat  of  the  body  is  produced  by  oxidation  and  that  there 
is  something  in  common  between  the  burning  of  a  candle 
and  the  oxidations  in  an  animal.  Mice  died  and  candles 
went  out  if  placed  under  a  bell  jar,  and  vitiated  the  air  for 
a  subsequent  mouse  or  candle.  Lavoisier  decided  that  the 
burning  of  the  candle  consisted  in  a  combining  of  the  carbon 
of  the  candle  with  a  substance  in  the  air  which  he  called  oxy¬ 
gen,  and  that  in  animals  a  similar  process  took  place,  produc¬ 
ing  the  heat  of  the  body.  He  designed  an  apparatus  to  measure 
this  heat,  which  might  be  described  as  follows :  A  bright  metal 
container  is  lined  with  a  thick  layer  of  ice  and  a  thick  layer 
of  ice  is  placed  on  the  outside,  and  it  has  a  cover  of  a  similar 
nature.  Inside  of  the  container  is  put  d  cage  and  in  this  cage 
an  animal,  and  the  cover  is  put  in  place.  At  the  end  of  a 
definite  period,  which  must  not  be  too  long,  the  animal  is  re¬ 
moved,  and  the  water  due  to  the  melting  of  the  inside  ice  is 
poured  out  and  weighed.  For  every  kilogram  of  water,  80 
kilogram-calories  of  heat  have  been  absorbed  by  the  ice.  A 
kilogram-calorie  is  the  heat  required  to  raise  a  kilogram  of 
vatei  from  15°  to  16°,  but  it  requires  80  kilogram-calories  to 
change  a  kilogram  of  ice  into  a  kilogram  of  water  at  the  same 
temperature.  Lavoisier  also  analyzed  the  air  inside  the  con¬ 
tainer  before  and  after  introducing  the  animal  and  showed  that 
at  least  96%  of  the  heat  produced  by  the  animal  could  be  ac¬ 
counted  for  by  changing  carbon  of  the  animal  into  carbon 
diojade,  the  rest  of  the  oxygen  that  was  used  being  combined 
th  the  hydrogen  of  the  animal  to  form  water.  He  showed 
hat  when  an  animal  was  cold  it  produced  more  heat.  This 

a  fed  an'  T  7“  j°  be  dUe  t0  shiveri“g-  He  showed  that 
a  fed  animal  produced  more  heat  than  a  starved  one.  Unfor- 
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tunately,  Lavoisier  lost  his  life  on  the  guillotine  during  the 
Reign  of  Terror,”  and  his  brilliant  work  was  left  unfinished. 

Priestly  was  also  disturbed,  this  time  by  religious  rather  than 
political  persecution,  and  his  chemical  work  was  interrupted. 
The  work  of  Lavoisier  was  extended  by  several  generations  of 
scientists — Berthollet,  Laplace,  Gay-Lussac,  Liebig,  Voit,  Gra¬ 
ham  Lusk,  and  Eugene  DuBois.  During  this  period  a  number 
of  others  added  valuable  contributions.  Dulong,  Despretz,  Reg- 
nault,  Rieset,  Regner,  Atwater,  Benedict,  and  others  improved 
the  apparatus  and  the  methods  for  the  determination  of  heat 
production  by  the  body.  The  work  of  Atwater  in  this  coun¬ 
try  has  been  of  particular  service  from  the  point  of  tech¬ 
nical  development.  In  this  Atwater  was  aided  by  Rosa,  a 
physicist  who  designed  many  portions  of  the  apparatus  which 
Atwater  constructed  and  which  is  known  as  the  Atwater- 
Rosa-Benedict  calorimeter.  This  calorimeter  consists  of  an 
insulated  chamber  large  enough  for  a  man  to  live  in.  The 
walls  are  first  insulated  with  cork,  but  in  order  to  make 
certain  that  no  heat  passes  through  them  the  outside  is  heated 
to  the  same  temperature  as  the  inside.  This  is  accomplished 
by  having  two  metal  walls,  one  inside  the  other,  separated 
by  an  air  space.  These  walls  are  connected  by  means  of 
thermocouples,  and  whenever  the  thermocouples  show  that  the 
outside  is  cooler  than  the  inside,  that  portion  of  the  outside  is 
heated  electrically  until  the  thermocouples  show  equality  of 
temperature.  The  heat  produced  by  the  occupant  is  carried 
off  by  water  circulating  through  a  cooling  coil.  The  water 
entering  the  cooling  coil  is  weighed  and  its  temperature  de¬ 
termined,  and  that  leaving  the  cooling  coil  is  examined  to  see 
what  rise  of  temperature  has  taken  place.  The  kilograms  of 
water  times  the  degrees’  rise  in  temperature  gives  the  kilogram- 
calories  of  heat  removed  from  the  calorimeter.  A  circulation 
of  air  is  provided  in  such  a  way  that  the  air  leaving  is  of  the 
same  temperature  and  moisture  content  as  that  entering.  This 
is  done  by  removing  all  of  the  moisture  before  it  enters  and 
before  it  leaves.  By  weighing  the  apparatus  and  by  absorbing 
the  moisture  before  the  air  leaves  the  chamber  the  heat  con¬ 
sumed  in  the  evaporation  of  water  from  the  body  is  deter¬ 
mined.  This  may  be  considerable;  in  fact,  on  a  hot  summer 
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day  this  evaporation  may  be  the  only  means  of  loss  of  heat  by 
the  body.  In  order  that  the  measurement  by  accurate,  the 
patient  must  be  at  the  same  temperature  at  the  beginning  and 
end  of  the  experiment. 

It  was  at  an  early  stage  found  economical  to  circulate  the 
air  in  a  closed  system,  removing  the  carbon  dioxide  by  passing 
air  through  an  absorption  apparatus  and  admitting  oxygen  to 
supply  the  deficiency  in  volume.  It  was  found  very  easy  to 
determine  the  amount  of  oxygen  used  by  weighing  the  oxygen 
tank  before  and  after  the  experiment  and  determining  the 
carbon  dioxide  by  weighing  the  absorption  apparatus  before 
and  after,  care  being  taken  to  separate  the  absorption  of  car¬ 
bon  dioxide  from  that  of  water.  This  gave  a  method  of  check¬ 
ing  the  apparatus,  since  it  had  been  shown  by  Rubner  that 
sugar  and  fat  gave  out  the  same  amount  of  heat  when  burned 
in  the  body  as  when  burned  outside  the  body,  and  used  up  the 
same  amount  of  oxygen  and  gave  out  the  same  amount  of  car¬ 
bon  dioxide  and  water.  This  gave  Benedict  the  opportunity 
of  calculating  the  heat  from  the  oxygen  and  carbon  dioxide, 
or  even  the  oxygen  alone,  by  means  of  his  apparatus  (shown 
in  Fig.  58),  which  will  be  referred  to  later. 

One  of  the  most  important  results  obtained  with  the  calorim¬ 
eter  was  the  discovery  that  the  law  of  the  conservation  of 
energy  holds  for  the  animal  body,  and  thus  one  more  blow 
was  administered  to  the  idea  of  a  vital  force.  The  animal  body 
can  never  create  or  destroy  energy.  In  the  measurement  of 
590,000  kilogram-calories  in  the  calorimeter,  there  was  a  dif¬ 
ference  between  that  measured  and  that  calculated  from  the 
oxygen  and  carbon  dioxide  of  only  501  calories,  an  error  of 
less  than  0.1%.  Thus  an  animal  produces  heat  on  the  same 
principle  as  a  fire.  The  heat  which  it  produces  comes  from 
the  oxidation  of  organic  substances,  either  those  of  the  food 
or  body  tissues. 

In  calculating  the  amount  of  heat  which  will  be  produced 
in  the  body  by  a  given  foodstuff,  it  must  be  borne  in  mind  that 
only  that  portion  of  the  food  which  is  absorbed  will  be  avail¬ 
able  for  burning  in  the  cells,  and  in  special  cases  where  the 
food  is  not  burned  to  carbon  dioxide,  rvater,  and  nitric  acid, 
t  e  products  of  combustion  must  be  ascertained.  Carbohy- 
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drates  and  fats  are  burned  to  carbon  dioxide  and  water  in  the 
normal  body.  In  the  burning  of  proteins,  C02  and  water  are 
produced  but  the  nitrogen  is  not  burned  to  nitric  acid  but  is 
broken  off  as  ammonia,  and  there  is  a  combination  of  the  am- 
monia  with  some  of  the  carbon  dioxide  to  form  urea.  Thus  a 
gram  of  protein  burned  in  compressed  oxygen  in  a  bomb  will 
produce  about  5  kilogram-calories  of  heat  but  when  burned 
in  the  body  Rubner  showed  that  it  produces  on  the  average  4.1 


Fig.  58. — Benedict-Roth  recording  metabolism  apparatus.  (Courtesy  Warren 
E.  Collins.  Drawn  by  H.  R.  Kaye.) 


kilogram-calories.  Carbohydrates  average  4.1  kilogram-calo¬ 
ries  whether  burned  in  or  outside  the  body,  and  fats  average 
9.3  kilogram-calories  per  gram  of  fat  burned.  By  determin¬ 
ing  the  nitrogen  in  the  urine  the  amount  of  protein  burned 
can  be  calculated,  as  will  be  shown  later. 

Studies  have  been  made  of  the  amount  of  heat  produced  by 
persons  in  health  and  by  those  having  various  diseases,  at  rest 
and  during  exercise,  waking  and  sleeping,  during  periods  of 
mental  rest  and  great  mental  exertion,  at  different  ages  from 
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infancy  to  old  age,  and  both  sexes,  and  from  these  the  amount 
of  food  necessary  to  restore  the  substances  burned  may  be 
calculated.  The  body  may  employ  fats,  carbohydrates,  and 
proteins  in  order  to  keep  up  the  body  temperature,  but  to  pie- 
vent  chilling  of  the  interior  of  the  body  exercise,  shivering  or 
more  clothing  may  be  necessary.  At  rest  and  in  the  case  of 
recent  feeding  the  amount  of  heat  produced  in  the  body  does 
not  vary  with  the  variations  of  comfortable  room  tempera¬ 
ture  but  depends  on  age,  state  of  health,  sex,  size,  and  degree 
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of  body  activity.  In  general,  the  energy  exchange  is  higher 
per  unit  of  weight  in  small  animals  than  in  large  ones,  and 
Rubner  showed  that  it  was  the  surface  rather  than  the  weight 
Av  lch  determined  the  heat  production  in  rest  (Fig.  61).  In  order 
to  arrive  at  a  standard  basis  for  comparison,  basal  metabolism  is 
defined  as  the  metabolism  with  the  body  relaxed  and  after  one- 
half  hour  of  rest  in  bed,  and  after  fourteen  hours  of  fasting  and 
rest,  including  a  good  night’s  sleep.  Basal  metabolism  in  chil- 
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(Iron  of  about  five  years  is  highest  of  any  age  whether  it  is 
computed  on  body  surface  or  body  weight.  During  the  first 
tew  days  of  life  the  basal  metabolism  of  newborn  infants  is 
low.  Basal  metabolism  is  lower  in  women  than  in  men. 
^  hereas  in  human  adults  of  the  same  sex  it  does  not  make  so 
much  difference  whether  the  basal  metabolism  is  compared  on 


Fig-.  60. — Weekly  variations  in  basal  metabolic  rate. 


a  basis  of  surface  area  or  body  tveight,  if  we  compare  the 
mouse  and  the  elephant,  for  instance,  there  is  no  correlation 
at  all  Avhen  compared  by  body  tveight  but  a  very  close  cor¬ 
relation  when  compared  by  body  surface.  Furthermore,  the 
basal  metabolism  of  some  cold-blooded  animals  has  been  shown 
to  vary  according  to  body  surface  and  not  body  tveight. 
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Therefore  Rubner’s  surface  law  is  not  based  on  Newton’s  law 
of  cooling  but  on  some  undetermined  factors. 

Increase  in  body  activity  increases  the  energy  exchange, 
more  fuel  being  burned  and  more  heat  being  produced.  The 
average  city  adult  man  requires  some  2,500  to  3,000  calories  of 
food  per  day  because  he  produces  that  much  energy.  If  such 
a  person  remains  in  bed  and  inactive,  his  energy  requirement 
sinks  to  perhaps  1,700  calories.  Physical  exercise  and  shiver¬ 
ing  greatly  increase  energy  requirement,  which  may  run  up 
to  4,000  or  5,000  calories  and  in  the  extreme  limit,  occurring 
in  the  case  of  an  endurance  bicycle  rider,  to  10,000  calories 
per  day. 
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The  interesting  fact  that  the  taking  of  food  will  materially 
increase  the  heat  production  in  the  body  has  suggested  that 
this  is  due  to  the  work  of  the  digestive  glands  and  organs,  but 
the  taking  of  Epsom  salts  resulted  in  no  increase  in  heat  pro¬ 
duction  so  the  question  was  left  open,  referring  to  the  action 
of  food  in  increasing  the  heat  production  of  the  body  as  the 
lPectfic  dyna™c  action  of  food.  Different  foods  have  very  dif- 

A ltZ\TCl6<>  dynamiC  aCti°n’  pr0teins  havinS  the 

"ease  50^1 ?T“, 10631  T  ^  rate  ma>'  in' 

crease  50%.  It  has  been  calculated  that  the  chemical  reac¬ 
tions  involved  in  the  known  oxidat;ve  chem.eal  changes1.nretahCe 

e,n  aecounted  for  this  extra  heat  production  j  that  is  to 
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say ,  the  proteins  that  are  not  used  in  body  growth  (and  if  we 
are  referring  to  calorimetry  we  are  not  concerned  with  body 
growth)  are  worked  over  into  substances  which  may  be  read¬ 
ily  burned,  but  this  working  over  into  more  desirable  inter¬ 
mediates  is  accompanied  by  the  evolution  of  heat.  Carbohy¬ 
drates  may  increase  the  resting  metabolic  rate  about  10%  and 
fats  hardly  at  all.  It  has  been  suggested  that  this  small  spe¬ 
cific  dynamic  action  of  carbohydrates  is  due  to  having  a  more 
ready  supply  for  burning,  since  the  body  stores  carbohydrate 
only  sufficient  for  one  day’s  use.  Increased  mental  activity 
does  not  always  increase  heat  production  in  the  body.  The 
nerve  impulse  is  accompanied  by  the  evolution  of  substances 
which  burn  and  produce  heat,  but  the  neuraxons  form  a  very 
minute  percentage  of  the  total  weight  of  the  central  nervous 
system.  The  great  heat  producers  are  the  muscles,  and  heat 
is  produced  by  muscle  tone.  Mental  activity  may  increase 
muscle  tone  or  decrease  it.  A  state  of  relaxation  of  the  body 
decreases  muscle  tone,  and  a  tense,  anxious  state  increases  it 
and  hence  increases  the  basal  metabolic  rate.  During  sleep 
metabolism  averages  10%  lower  than  the  basal,  due,  probably, 
to  greater  relaxation.  This  does  not  mean,  however,  that  the 
brain  is  inactive  because  if  the  brain  stem  is  severed  above 
Deiters’  nucleus  the  body  goes  into  decerebrate  rigidity. 
This  is  due  to  the  fact  that  with  the  brain  connected,  inhibi¬ 
tions  travel  into  the  cord  and  when  these  are  cut  off  muscle 
tone  is  greatly  increased. 

The  variation  of  heat  production  in  disease  has  been  studied 
by  Benedict,  Lusk,  DuBois,  and  others.  In  fever  and  exoph¬ 
thalmic  goiter  there  is  a  great  increase.  Even  during  the 
malarial  chill  there  is  an  increased  heat  production  and  a  rise 
in  body  temperature,  only  the  skin  remaining  cool.  In  exoph¬ 
thalmic  goiter  there  are  periods  of  normal  or  at  any  rate 
slightly  increased  basal  metabolic  rate  alternately  with  periods 
of  high  rate,  even  as  high  as  50-70%  above  the  normal.  In 
diabetes  there  may  be  a  slightly  increased  basal  metabolic 
rate.  In  myxedema  and  cretinism,  where  the  thyroid  activity 
is  subnormal,  the  basal  metabolic  rate  falls  to  about  50%  of 
its  normal  value.  This  fact  is  of  great  value  in  diagnosis  and 
in  the  measurement  of  replacement  therapy ;  that  is  to  say, 
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thyroid  gland  or  its  crystalline  hormone  is  administered  until 
the  basal  metabolic  rate  is  raised  to  normal. 

The  measurement  of  body  surface  is  quite  difficult.  DuBois 
covered  the  body  with  a  union  suit,  pasted  adhesive  tape  all 
over  it,  cut  it  off,  and  measured  the  areas  of  the  different 
pieces  and  added  these  together.  In  this  way  he  designed  a 
formula  for  calculating  the  body  surface  area,  A,  as  follows: 
A  =  IF0-425  x  j?0-725  x  71.84  where  A  =  surface  area  in  sq.  centi¬ 
meters;  IF  =  weight  in  kilograms;  II  =  height  in  centimeters. 
Scammon  showed  that  this  formula  did  not  hold  for  infants 
and  children.  He  immersed  infants  in  plaster  of  Paris  and 
allowed  it  to  set.  This  made  a  mold  in  which  lie  made  plaster 
casts  of  the  infants.  The  surface  of  the  plaster  cast  was  deter¬ 
mined  by  covering  it  with  a  uniform  film  and  weighing  the 
film  and  dividing  by  the  weight  of  film  per  sq.  centimeter.  He 
devised  another  formula.  Scammon ’s  formula  is:  A  =  1008 

pp-0.692 


Under  basal  conditions  the  normal  adult  male  produces  very 
close  to  40  kilogram-calories  per  sq.  meter  of  body  surface  per 
hour.  Tables  for  the  variation  with  age  and  sex,  together  with 
those  for  determining  surface  area,  are  usually  furnished  with 


the  apparatus  for  determining  it.  Since  the  basal  metabolic 
rate  is  made  up  of  a  number  of  factors,  such  as  the  muscular 
activity  of  the  heart  and  respiration  together  with  muscle  tone 
and  other  processes,  and  since  it  is  found  to  be  not  absolutely 
constant  in  any  person  and  errors  are  often  made  in  its  de¬ 
termination,  a  deviation  of  10%  from  the  normal  is  not  usually 
considered  of  any  significance.  After  a  person  has  been  on  a 
vacation  his  basal  metabolic  rate  is  usually  high  and  may  de¬ 
crease  every  day  for  a  week,  finally  getting  more  or  less  to  a 
new  level.  It  is,  therefore,  supposed  that  if  the  basal  meta- 
b0  ic  rate  «  determined  only  once  in  each  individual  higher 
values  are  obtained  than  on  trained  individuals,  i.e,  on  those 
on  whom  the  rate  is  determined  repeatedly.  It  has  been  shown 
by  several  workers  that  the  average  basal  metabolic  rate  of 
normal  women  may  be  more  than  10%  below  the  usually  ac- 

uncertata  Tf  f"*  ^  t0  trainine  °r  not  seems 

uncertain.  If  one  stays  up  all  night  the  basal  metabolic  rate 
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is  high,  and  if  one  lies  in  bed  twenty-four  hours  before  it  is 
determined  it  is  low.  A  single  very  high  protein  meal  may 
raise  the  rate  for  several  days  as  will  unusually  strenuous 

exercise. 

Benedict  has  perfected  an  apparatus  (Fig.  58)  for  the  indirect 
determination  of  the  basal  metabolic  rate  by  measurement  of  the 
respiration.  It  can  be  shown  that  the  total  heat  production 
may  be  divided  into  that  produced  by  fat,  protein,  and  carbo¬ 
hydrate  in  the  following  manner:  Nitrogen  is  determined  in 
the  urine,  and  when  multiplied  by  6.25  the  protein  is  calcu¬ 
lated,  and  if  the  grams  of  protein  are  multiplied  by  4.1,  the 
calories  are  calculated.  This  may  be  subtracted  from  the 
total  heat  production  and  the  remaining  heat  production  is 
due  to  carbohydrate  and  fat.  Furthermore,  the  amount  of 
oxygen  consumed  in  the  burning  of  this  protein  and  the  car¬ 
bon  dioxide  produced  and  not  eliminated  as  urea  may  be  cal¬ 
culated.  If  these  are  subtracted,  the  remaining  oxygen  and 
carbon  dioxide  are  due  to  the  burning  of  fat  and  carbohy¬ 
drate,  but  the  ratio  of  carbon  dioxide  to  oxygen  is  different 
in  these  two  cases.  The  formula  for  carbohydrate  is  (CH20)n- 
Hence  the  oxygen  is  used  merely  for  the  burning  of  the  car¬ 
bon,  and  for  every  gram  molecule  of  glucose  6  gram  mole¬ 
cules  of  oxygen  are  used  and  6  gram  molecules  of  carbon  di¬ 
oxide  are  produced,  and,  since  a  gram  molecule  of  either  gas 
occupies  22.4  liters,  the  ratio  of  volumes  of  carbon  dioxide  to 
oxygon  is  equal  to  1  and  is  called  the  respiratory  quotient.  The 
respiratory  quotient  when  fat  is  burned  is  0.707  and  hence 
mathematical  analysis  of  any  respiratory  quotient  will  show 
the  ratio  of  fat  to  carbohydrate  that  is  burned.  It  has  been 
found  that  in  the  burning  of  protein  the  respiratory  quotient 
is  0.818  and  from  the  usual  mixture  of  fat  and  carbohydrate 
burned  by  the  normal  person  it  is  about  0.82  or  practically  the 
same  as  protein.  Furthermore,  a  relatively  small  number  of 
calories  come  from  protein.  It  is,  therefore,  possible  to  calculate 
the  basal  metabolic  rate  of  a  normal  person  from  the  oxygen 
consumed.  These  calculations  have  alreadv  been  made  and 
one  is  supplied  tables  of  the  data  from  the  manufacturer  of 
tie  apparatus. .  The  oxygen  consumed  is  usually  measured 
volumetncally  in  a  closed  circuit  apparatus.  Since  the  volume 
ot  the  lungs  is  continually  changing  and  is  part  of  the  total 
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volume  of  the  closed  circuit,  it  is  necessary  to  have  this  the 
same  at  the  beginning  and  end  of  the  period.  Due  to  this,  a 
graphic  record  is  made  of  the  volume  in  a  spirometer  in  a 
closed  circuit  which  records  the  respirations.  The  carbon 
dioxide  is  all  absorbed  by  soda  lime  and  the  total  decrease  in 
volume  is  due  to  the  oxygen  consumed.  Hence,  if  a  ruler  is 
applied  to  the  record  either  connecting  the  points  of  inspira¬ 
tion  or  expiration,  and  the  time  line  is  also  recorded,  the  total 
number  of  liters  of  oxygen  per  hour  may  be  determined. 
Usually  this  is  done  for  a  six-minute  period  and  the  value 
multiplied  by  ten.  Although  this  method  does  not  give  ab¬ 
solutely  accurate  values,  they  are  close  to  the  absolute,  since 
under  normal  conditions  after  a  fourteen-hour  fast  only  15% 
of  the  total  energy  is  derived  from  protein  and  a  liter  of 
oxygen  consumed  corresponds  to  the  production  of  4.7  to  4.9 
calories,  the  average  being  4.78  calories.  In  the  presence  of 
diabetes  this  method  would  not  be  so  accurate,  but  it  should 
be  emphasized  that  the  calculation  of  the  basal  metabolic  rate 
from  the  oxygen  consumed  alone  is  far  more  accurate  than 
that  from  the  carbon  dioxide  production  alone.  A  still  more 
accurate  method  is  the  determination  of  oxygen  consumption, 
carbon  dioxide  production,  nitrogen  in  the  urine,  and  in  addi¬ 
tion  the  product  of  incomplete  combustion  of  fat,  if  it  is  pres¬ 
ent.  In  all  this  work  it  is  assumed  that  the  body  substances 
are  more  or  less  stationary ;  i.e.,  that  adipose  tissue  is  not  being 
produced  from  carbohydrate  or  protein  and  that  the  subject 
is  not  diabetic. 

Utilization  of  Alcohol  by  the  Body. — If  burned  in  a  calor¬ 
imeter  alcohol  yields  over  7  calories  per  gram  and  is  thus  of 
very  high  fuel  value.  About  100  grams  of  alcohol  may  be 
burned  in  the  body  as  fuel,  but  it  is  probably  not  used  as  a 
source  of  energy.  The  effects  of  alcohol  are  those  of  a  de¬ 
pressant  rather  than  of  a  stimulant,  and,  due  to  the  higher 
temperature  of  the  skin,  there  is  a  more  rapid  loss  of  heat. 

The  Calorific  Value  of  Foods. — Foods  may  be  arranged  ac¬ 
cording  to  heat  value.  Since  1  g.  fat  yields  9.3  Cal.  and  1  g 
carbohydrate  or  protein  4.1  Cal.,  the  higher  the  fat  content 

e  higher  the  calorific  value.  Obviously  the  higher  the  water 
content  the  lower  the  calorific  value.  In  Fig.  63  foods  are  ar- 
ranged  in  a  pyramid  of  calories,  pure  fat  being  at  the  bottom 
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with  greatest  calorific  value  and  leafy  vegetables  at  the  top 
with  lowest  calorific  value.  Served  dishes  are  given  in  the 
accompanying  list. 

V (440)  Cereal  with  Milk 
V  (550)  Cereal  with  Cream 
v(175)  Vegetable  Soup 
(225)  Chicken  Soup 
v(150)  Boiled  Eggs 
v(180)  Scrambled  Eggs 
v(190)  Fried  Eggs 
(300)  Fried  or  Broiled  Ham 
v(330)  Bacon  and  Eggs 
(150)  Lamb  Chop 
v(440)  Ham  and  Eggs 
v(300)  Veal  Steak  with  Potatoes 
(375)  Roast  Ribs  of  Beef 
(230)  Ham  Sandwich 
v(  85)  Buttered  Cabbage 
v(  85)  Buttered  Carrots 
v(105)  Buttered  Beets 
v(  85)  Spinach 
v(200)  Mashed  Potatoes 
v(300)  French  Fried  Potatoes 
v(350)  Spaghetti  with  Cheese 
(250)  Baked  Beans 

(370)  Baked  Beans  with  Cold  Ham  or  Corned  Beef 
V(300)  Fresh  Fruit  Salad 
(150)  White  Bread 
v(150)  Whole  Wheat  Bread 
v(300)  Buttered  Toast 
v(700)  Wheat  Cakes 
v(  87)  Coffee,  per  Cup 
V(200)  Milk 

v(310)  Hot  Chocolate  with  Whipped  Cream 
V(  70)  Orange  Juice 
v(200)  Rice  Pudding 
v(275)  Stewed  Prunes 
v(200)  Ice  Cream 
V(  70)  One-half  Grapefruit 
v(400)  Pies 

(V)  indicates  richness  in  vitamins,  (v)  indicates  vitamins 
present,  and  figures  in  parentheses  indicate  approximate  calo¬ 
ries  (Gephart). 

Body  Temperature. — In  warm-blooded  animals  body  tem¬ 
perature  must  be  maintained  at  a  constant  level  regardless  of 
external  conditions  by  the  burning  of  food  in  the  body  and 
the  production  of  heat.  It  was  shown,  however,  that  though 
the  basal  metabolic  rate  is  fairly  constant,  when  a  high  pro¬ 
tein  meal  is  eaten  the  basal  metabolic  rate  is  increased  50%. 
For  anv  further  increase  in  the  heat  production  muscular  ac¬ 
tivity  is  necessary.  It  is  well  known  that  exercise  causes  an 
increase  in  heat  production.  In  the  absence  of  voluntary  mus 
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cular  exercise  with  very  low  external  temperature,  shivering 
occurs  with  consequent  production  of  heat. 

The  heat  regulation  of  the  body  is  presided  over  by  the  cen¬ 
ter  in  the  medulla  oblongata.  Heat  regulation  is  produced  by 
balancing  of  heat  production  and  heat  loss.  Heat  loss  is  due, 
first,  to  evaporation  from  the  lungs  and  skin,  and,  second,  to 
radiation  and  conduction  (Fig.  64).  Radiation  and  conduction 
can  occur  only  when  the  surroundings  are  at  a  lower  tempera¬ 
ture  than  the  body.  Evaporation  can  occur  only  when  the  air 
has  less  water  in  it  than  would  be  the  case  if  the  air  were  satu¬ 
rated  with  water  at  body  temperature.  Evaporation  may  be  reg¬ 
ulated  by  sweating.  If  evaporation  from  the  skin  is  prevented 
by  coating  the  body  with  gold  leaf,  the  body  temperature  will 
rise.  Death  has  been  attributed  to  this  during  a  Roman  festival. 


Fever  may  be  due  either  to  increased  heat  production  or 
decreased  heat  loss.  In  malarial  chill  there  is  a  decreased 
leat  loss  from  the  skin  due  to  a  constriction  of  the  blood  ves¬ 
sels  carrying  heat  from  the  interior  to  the  skin,  but  there  may 
also  be  an  increased  heat  production.  During  vigorous  mus- 
cidar  exerdse  there  is  greatly  increased  heat  production  and 
heat  elimination  so  that  the  temperature  does  not  rise  appre- 

7-\  Jher?  1S  a  Shght  diurnal  variation  in  body  tempera- 

The  slrin  * *  °WeSt  3  A'M’  and  hi2hest  at  about  10  a.m. 

.  .  is  normally  at  a  lower  temperature  than  the  in- 

sldnVnot^a  ^  3  perSon  is  ^comfortable  if  the 

skin  is  not  quite  a  number  of  degrees  lower  in  temperature 
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than  the  interior  of  the  body.  Heat  economy  is  attained  by 
regulation  of  the  skin  temperature.  The  basal  metabolic  rate 
of  women  is  lower  than  that  of  men,  and  the  skin  temperature 
of  women  is  lower  than  that  of  men.  Also,  women  feel  com¬ 
fortable  with  a  lower  skin  temperature  than  do  men.  Fur¬ 
thermore,  different  areas  of  the  skin  have  different  mean  tem¬ 
peratures,  and  those  with  a  low  mean  temperature  are  less  sen¬ 
sitive  to  cold  than  those  of  a  high  mean  temperature.  A  cretin 
has  a  low  skin  temperature  and  a  low  heat  production,  the 
body  temperature  being  nearly  normal.  The  skin  of  a  cretin 


Fig.  65. — Percentage  death  rate  with  climate  (average  death  rate  =  100). 


is  said  to  be  dry ;  that  is  due  to  the  fact  that  there  is  very  little 
sweating  under  ordinary  conditions.  On  the  other  hand,  dur¬ 
ing  vigorous  exercise  and  fever,  except  for  malarial  chill,  sweat¬ 
ing  is  profuse.  Water  is  the  great  regulator  of  body  temperature. 
By  enormous  sweating  one  may  evaporate  fifteen  pounds  of 
water  within  three  hours,  and  after  this  because  there  is  not 
enough  water  left  for  adequate  heat  regulation,  dehydration 
fever  may  occur. 

Climate  and  Health.— In  the  tropics  it  is  the  heat  and  hu¬ 
midity  preventing  loss  of  body  heat  that  kills.  In  very  cold 
regions  it  is  the  dryness  which  increases  evaporation  and  loss  of 
heat  that  kills  (contrary  to  popular  opinion).  (See  Fig.  65.) 


CHAPTER  XVII 
FOODS 


In  a  broader  sense  a  food  may  be  defined  as  any  substance 
which  is  required  by  the  body.  This  would  include  vitamins, 
water,  and  inorganic  salts,  in  addition  to  carbohydrates,  fats, 
and  proteins.  Some  body  tissues  are  constantly  growing  and 
dying,  i.e.,  epidermis  and  blood  corpuscles.  Materials  for  such 
growth  are  obtained  from  foods.  Furthermore,  the  body 
is  constantly  doing  work,  either  external  work,  or  the  work 
of  the  heart,  the  breathing  organs  or  the  glands.  Work 
cannot  be  done  without  the  expenditure  of  energy.  This 
energy  is  obtained  by  oxidizing,  “burning,”  material  de¬ 
rived  either  directly  or  indirectly  from  the  foods.  Some 
substances  may  be  burned  in  the  body,  but  still  are  harmful 
because  of  a  poisonous  effect  upon  the  cells ;  such  substances 
should  not  be  classed  as  foods.  Summing  up  the  foregoing 
statements:  a  food  may  be  defined  as  a  substance  which  is 
necessary  to  the  body  or  which  furnishes  it  with  energy  or 
building  material,  and  which  is  not  harmful  to  the  organism 
unless  taken  in  excess.  Most  foods  are  tissues  of  plants  or 
animals,  and  animal  tissues  have  been  considered  in  another 
chapter. 


Cooking  and  Preparation  of  Foods.— Some  foods  are  palat¬ 
able  and  digestible  when  raw,  such  as  beefsteak,  milk,  fruits, 
nuts  and  vegetables  low  in  starch.  Other  foods  are  usu¬ 
ally  prepared  for  use  by  cooking.  Proper  cooking  of  food 
is  very  important,  both  from  an  economic  and  from  a  physio¬ 
logical  standpoint.  Inexpensive  materials,  if  properly  pre¬ 
pared,  may  be  quite  as  good  and  desirable  foods  as  more  ex¬ 
pensive  materials,  but  even  the  best  of  materials  may  be 
spoiled  and  rendered  unfit  for  use  by  careless  or  improper 
cooking.  Thus  beef  or  pigs’  liver  may  be  as  nutritious  as 
calves  liver  but  no  amount  of  cooking  can  make  a  complete 

■  f r“ls-  Jn  C00klnS.  vari°us  changes  are  brought  about 

does  not°d'S '  •  i°St  ®mmal  Proteins  are  coagulated,  but  this 
does  not  dimmish,  and  sometimes  increases  their  digestibility 

The  collagen  fibers  of  meat  and  bone  are,  by  prolonged  cooking,' 


307 


308 


PHYSIOLOGICAL  CHEMISTRY 


changed  to  gelatin  so  that  the  meat  and  bone  are  more  easily 
torn  apart  and  subjected  to  the  action  of  the  digestive  enzymes. 
Vegetable  materials  also  are  softened  and  made  more  vulner¬ 
able  to  the  attack  of  enzymes.  Thus  starch  grains  are  ex¬ 
ploded  and  changed  to  a  colloid  sol  or  gel.  The  taste  and 
appearance  of  food  materials  are  improved  in  the  process,  and 
this  appeal  to  the  appetite  is  of  actual  physiological  value  in 
digestion.  A  further  service  performed  by  proper  cooking 
is  the  destruction  of  living  parasites  of  various  sorts  which  are 
often  found  in  raw  foodstuffs,  especially  if  the  materials  have 
been  exposed  in  provision  shops,  or  have  been  kept  longer  than 
is  wise.  Great  progress  has  been  made  in  recent  years  in  regu¬ 
lating  the  care  and  quality  of  foodstuffs  and  thus  in  protecting 
the  general  public  from  dangers  arising  from  the  practices  of 
ignorant,  careless,  or  unscrupulous  dealers.  Too  much  care 
and  thoughtfulness  can  scarcely  be  spent  in  the  proper  choice 
and  preparation  of  the  diet. 

Milk. — Milk  is  one  of  the  most  important  foodstuffs.  It  is 
the  natural  food  for  the  growing  young,  and  a  substitute  for 

bone  for  the  adult.  It  contains  most  of  the  necessary  food 

/ 


Table  XIII 

Grams  per  Kilogram  op  Ash 


COW  ’S  MILK 

DOG  ’S  MILK 

NEWBORN 

PUP 

HUMAN  MILK 

BABY 

k2o 

269 

150 

114 

314 

78 

Na,0 

106 

88 

106 

119 

91 

CaO 

263 

272 

295 

164 

361 

MgO 

30 

15 

18 

26 

9 

PA 

330 

342 

394 

135 

389 

Cl 

— 

169 

83 

200 

77 

substances,  and  in  very  nearly  the  proper  proportions  except 
that  it  is  deficient  in  iron.  The  carbohydrate  of  milk,  lactose, 
has  already  been  discussed.  Cow’s  milk  contains  about  4% 


Table  XIV 

Milk  of  Individuals  (Per  Cent) 


SOLIDS 

PROTEIN 

FAT 

SUGAR 

ASH 

Cow 

11.5-15.5 

3-4 

2.5-6 

4.6-5 

0.7  -0.78 

Goaf. 

13.1 

3. 7-4.6 

4.1 

4.5 

0.8 

Human 

0.7-1.5 

2-4 

6-7.5 

0.15-0.3 
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lactose,  human  milk  about  6-7%.  Milk  fat,  about  2-4%  in  both 
cow's  and  human  milk,  is  characterized  by  its  content  (about 
8%  of  the  total  fats)  of  lower  fatty  acids,  butyric,  caproic, 
caprylic  and  capric.  There  are  traces  of  phospholipins.  There 
are  at  least  three  proteins  (0.7-1.5%  in  human  milk  and 
2.5-4%  in  cow's  milk).  Casein  makes  up  about  80%  of  the 
total  protein  in  cow's  milk,  the  remainder  is  mostly  lactalbu- 
min,  with  a  small  amount  of  lactoglobulin.  Human  milk  con¬ 
tains  a  higher  percentage  of  lactalbumin.  Milk  contains  a  va¬ 
riety  of  salts  including  those  of  calcium,  magnesium,  sodium, 
and  potassium ;  it  contains  phosphates  and  chlorides.  Milk 
contains  about  87%  water. 

It  has  recently  been  shown  that  milk  is  a  valuable  source  of 
vitamins,  but  vitamin  C  may  be  destroyed  by  heating,  particu¬ 
larly  in  copper  vessels. 

If  milk  is  allowed  to  stand,  bacteria  decompose  lactose,  form¬ 
ing  lactic  acid.  The  milk  becomes  sour,  and  if  the  process 
goes  far  enough,  the  casein  is  precipitated.  The  Nordic  race 
has  been  living  on  the  banks  of  the  Rhine  for  more  than  ten 
thousand  years  and  has  probably  been  drinking  sour  milk  for 
that  length  of  time.  There  seems  to  be  no  reason  therefore 
for  avoiding  lactic  acid  in  milk.  The  lactic  acid  may  be 
changed  into  glycogen  in  the  body.  The  small  milk  supply  in 
China,  for  instance,  is  due  to  failure  to  cope  with  contagious 
abortion  in  cattle.  Dairying  requires  intelligence.  By  prop¬ 
erly  sterilizing  or  pasteurizing  milk,  pathogenic  bacteria  are 
destroyed,  and  if  it  then  is  kept  in  closed  vessels  and  not  ex¬ 
posed  to  the  air,  it  will  keep  for  a  much  longer  time  than  other¬ 
wise. 


When  milk  stands  for  some  time,  a  portion  of  the  fat  rises 
to  the  surface.  This  layer  skimmed  off  is  called  cream.  Aver¬ 
age  cream  contains  18-20%  fat. 


Buttermilk  differs  from  sweet  milk  chiefly  in  its  lower  fat 
content  (about  0.5%  fat),  since  most  of  the  fat  has  been  re 
moved  as  butter.  Buttermilk  is  sour,  that  is,  contains  some 
lactic  acid  produced  by  the  fermentation  of  lactose. 

Butter.— Butter  is  a  food  of  very  high  fuel  value  for  it 

contains  80%  or  more  of  fnt«  TVi«  „  ~  ...  .  ’ 

more  or  rats.  The  composition  of  this  fat 
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already  has  been  discussed  (see  under  fats).  Butter  contains 
about  1%  of  protein,  on  an  average  3%  salts,  and  from  10  to 
15%  water.  It  contains  practically  no  carbohydrate.  The 
yellow  color  may  be  carotene  or  an  artificial  color.  Oleomar¬ 
garine,  made  largely  from  beef  fat,  contains  more  vitamin  D 
than  does  nut  butter. 

Cheese.— When  the  casein  of  milk  is  clotted  by  rennin,  it 
separates  out  as  a  solid  curd,  which  carries  with  it  much  of 
the  milk  fat.  This  curd  when  filtered  off  is  called  “cream 
cheese  if  made  from  whole  milk.  From  it,  by  pressing  and  fer¬ 
mentation,  cheeses  of  various  kinds  are  made.  Cheese  is  a  very 
nutritious  foodstuff.  Different  kinds  of  cheese  vary  greatly 
in  composition  and  food  value.  Average  cream  cheese  contains 
about  29%  protein,  36%  fat,  traces  of  carbohydrate,  3.5%  ash 
and  32%  water.  Swiss  cheese  is  made  of  skim  milk  and  fer¬ 
mented  by  B.  coli  with  C02  production  shown  by  the  holes. 

Meats. — Meats  are  important  food  substances,  for  they  fur¬ 
nish  large  amounts  of  proteins,  which  are  essential  constitu¬ 
ents  of  the  diet.  Meats  contain  a  variety  of  proteins,  but  the 
chief  protein  of  dead  muscle  is  myosin.  Albumin,  globulins 
other  than  myosin,  albuminoids,  glycoproteins,  nucleoproteins, 
myohemoglobin,  and  lecithoproteins  are  other  constituents 
of  meat,  but  in  digestion  all  of  these  substances  are  broken 
up  into  their  constituent  amino  acids,  the  form  in  which  pro¬ 
tein  food  reaches  the  cells  of  the  tissues.  Meat  also  contains 
fats,  and  small  amounts  of  the  carbohydrate,  glycogen,  or  the 
sugar  derived  from  it.  Most  meats,  with  the  exception  of  bacon 
or  very  fat  meats,  contain  from  10  to  20%  protein.  The  pro¬ 
teins  of  meat,  milk  and  eggs  are  of  excellent  quality  from  a 
nutritional  point  of  view,  as  they  contain  all  the  amino  acids 
which  have  been  shown  to  be  indispensable  in  the  diet,  whereas 
individual  vegetable  and  grain  proteins  are  frequently  deficient 
in  one  or  more  of  these  essential  amino  acids.  Thomas  has 
rated  a  number  of  proteins  as  to  their  effectiveness  in  main¬ 
taining  an  animal  in  nitrogen  equilibrium,  a  state  in  which  the 
nitrogen  excretion  just  equals  the  nitrogen  intake.  (This  is 
further  discussed  under  protein  metabolism.)  Taking  milk 
protein  as  the  standard,  calling  it  100,  various  food  proteins 
were  rated  as  follows:  meat  104,  fish  95,  rice  88,  cauliflower  84, 
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cherry,  crab  and  potato  79,  yeast  71,  casein  70,  spinach  64, 
peas  and  beans  56,  flour  40,  corn  meal  30.  One  deficient 
protein  may  supplement  another,  however,  so  that  it  is 
quite  possible  for  a  dietary  to  be  satisfactory  even  though  it 
contain  no  animal  proteins.  Most  vegetarians  eat  milk 
and  eggs.  Leaf  proteins  from  lettuce,  spinach  and  cabbage, 
supplement  those  from  seeds  and  roots.  Fat  in  meat  ranges 
from  a  few  per  cent  up  to  60%  in  fat  bacon.  Ash  ranges  from 
about  1%  to  4  or  5%,  water  from  about  7  or  8%  to  68  or  70%. 
The  muscles  of  various  animals  (e.g.  fish)  vary  somewhat. 
Liver  is  very  desirable.  Liver  oil  is  obtainable  as  fish  liver 
oil  and  is  the  richest  source  of  vitamins  A  and  D.  Stefansson 
demonstrated  that  meat  is  a  complete  diet. 

Eggs. — Eggs  are  a  very  important  article  of  diet.  In  the 
development  of  the  young  of  birds  they  furnish  the  material 
out  of  which  the  tissues  are  built  up.  Eggs  contain  (without 
the  shell)  about  12%  protein,  11%  fat,  0.5%  carbohydrate, 
1%  ash,  and  75%  water.  Most  of  the  fat  is  in  the  yolk.  About 
%  of  the  protein  is  in  the  white  and  %  in  the  yolk.  About 
90%  of  the  total  protein  of  the  white  is  albumin.  About  6^2% 
is  globulin.  Vitellin  is  the  chief  yolk  protein.  All  of  these 
substances  have  been  considered  under  their  respective  groups. 
The  yolk  contains  fat  and  also  considerable  quantities  of 
lecithin  and  cholesterol.  The  iron  in  egg  yolk  is  in  the  form 
of  “hematogen,”  according  to  Bunge.  Eggs  contain  all 
vitamins  except  C. 

Vegetables. — Some  vegetable  seeds,  such  as  peas,  beans  and 
lentils,  contain  only  small  amounts  of  water.  With  the  exception 
of  these  and  a  few  others,  most  vegetables  contain  but  small 
amounts  of  proteins,  very  little  fat  and  varying  amounts  of  car¬ 
bohydrates.  Vegetables  supply  the  body  with  some  valuable  salts, 
■with  some  protein,  fat  and  carbohydrate.  They  contain  cellulose 
and  hemicellulose.  The  green  leafy  vegetables,  such  as  lettuce, 
cabbage  and  spinach,  are  extremely  valuable  sources  of  vitamins, 
as  was  pointed  out  in  the  discussion  of  these  substances. 

Fruits  are  somewhat  similar  to  leafy  vegetables  in  composi¬ 
tion,  and  they  also  stimulate  the  appetite,  which  is  an  important 
factor  m  proper  digestion. 


Table  XV 


Carbohydrate  (Percentage  Content) 


INDIGESTIBLE  CARBOHYDRATE 
(FERMENTABLE) 

hemicellulose 

CELLULOSE :  PARTIAL- 

•digestible 

FERMENTED  IN 

LY  FERMENTED 

carbohydrate 

INTESTINE 

IN  INTESTINE 

1  French  artichoke  1.25  Cabbage  0.2  Cherries 


Scarlet  runner  bean  1.34 

Cabbage 

Cauliflower  2.04 

Celery  (raw)  2.25 

Eggplant  2.38 

Lettuce  (raw)  3.29 

Spinach  3.80 

Rhubarb  5.48 

Cranberries  61.50 


2  Jerusalem  artichoke 
Asparagus 
Cucumber  (raw) 

Tomato 

Lemon  juice 

3  Rutabagas 
Brussels  sprouts 
Pumpkin 
Black  currants 
Loganberries 
Watermelon 
Raspberries 
Brazil  nuts 

4  Turnips 
Red  currants 
Strawberries 

5  Onions;  Blackberries; 
Damson  plums;  Apricots; 
Gooseberries;  Cocoanuts; 
Walnuts 

6  Carrots;  Cherries;  Grape¬ 
fruit;  Green  gage  plums; 
Oranges 

7  Nectarines ;  Peaches ; 
Pears;  Almonds;  Hazel¬ 


Cauliflower 

Rice 

Stewed  dried 

Flour 

apricot 

0.4 

Potatoes 

Walnuts 

0.6 

Tomatoes 

Pears 

0.7 

Lettuce 

Parsnips 

Cucumbers 

Butter  beans 

0.8 

Onions 

Peanuts 

Asparagus 

Almonds 

0.9 

Spinach 

Bran 

Beets 

1.0 

Bananas 

Com  meal 

1.1 

Carrots 

Cabbage 

1.2 

Apples 

1.3 

Rolled  oats 

1.5 

Cranberries 

1.7 

Peas 

2.5 

Parsnips 

Blackberries 

4.4 

Dried  beans 

30.0 

Bran 

nuts 

8  Beets;  Apples 

9  Parsnips;  Persimmons; 
Plums;  Stewed  apricots 

10  Pineapple;  Grapes 

11  Peanuts 

12  Peas 

14  Figs;  Stewed  prunes 

1 6  Lima  beans 

17  Haricot  beans 

19  Potatoes;  Banana; 
Stewed  figs 


29  Chestnuts 
60  Bread 

75  Flour;  Dry  cereals 


•Those  vegetables  that  contain  only  1  and  2%  carbohydrate  are  leafy 
vegetables,  and  the  parts  that  are  eaten  are  exposed  to  the  sunlight,  tho 
that  contain  3  to  19%  carbohydrate  are  storage  organs. 
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Nuts  contain  much  protein,  much  fat,  and  often  consider¬ 
able  carbohydrate  (peanuts  contain  protein  25%,  fat  38%, 
carbohydrates  24%)  and  thus  are  extremely  nutritious.  Cellu¬ 
lose,  inulin  and  pentosans  are  fermented  in  the  gut  to  acetic 
and  lactic  acids  which  increase  secretion  of  mucus.  The  in¬ 
creased  bulk  to  the  feces  is  not  all  cellulose. 

Bread  and  Other  Cereals  contain  about  9%  protein,  very  lit¬ 
tle  fat,  50-80%  carbohydrate  and  5-35%  water.  Sweet  cakes 
consist  chiefly  of  cereal  and  sugar,  pastries  of  cereal  and  fat. 
Some  of  the  breakfast  foods  are  valuable  for  the  cream  which 
usually  is  eaten  with  them.  This  group  of  food  products  is  too 
high  in  carbohydrates  for  the  main  part  of  the  diet  of  persons 
taking  little  exercise. 


g.  66.  grain.  4,  aleuron  ;  B,  bran  ;  E,  endosperm  ;  G,  germ, 

nttee  on  Accessory  Food  Factors,  Sp.  Rpt.  No.  38.) 


(Com- 


Choice  of  Diet. — Much  has  been  written  upon  the  proper 
choice  of  a  diet.  Undoubtedly  a  mixed  diet  is  the  most  desir¬ 
able  solution  of  the  problem  for  the  average  healthy  individ¬ 
ual.  Different  standards  of  amount  will  be  needed  by  indi¬ 
viduals  of  different  size  or  different  habits  of  life  For  an 
average-sized  (70  kilos)  city  dweller,  perhaps  70  grams 
protein  and  enough  fats  and  carbohydrates  to  make  the  total 

butrtL  Ubout.ll3j000  calories  is  about  the  right  amount, 

The  ihT.mfr8  7  8rea*'y  With  chan£'n£  conditions. 

meat  dtt  t  8111  Whieh  have  been  considered.  A 

diet  is  too  expensive  and  a  bread  and  meat  diet  should 
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contain  all  the  fat  of  the  meat  and  some  vegetables  or  fruits  to 
supply  additional  vitamins.  If  bones  are  not  eaten,  milk  or 
leafy  vegetables  may  supply  calcium. 

Diet  is  an  economic  problem,  older  physiologists  advocating 
a  more  generous  ration,  as  shown  in  Table  XVI. 


Table  XVI 


PROTEIN 

G. 

FAT 

G. 

CARBOHY¬ 

DRATE 

G. 

CALORIES 

Moleschott 

120 

90 

333 

2694 

Voit 

118 

56 

500 

3055 

Atwater 

110 

Chittenden  (reducing) 

40 

_ 

Hindhede  (vegetable) 

94 

— 

— 

— 

Table  XVII 


Quality  of  Food  Proteins 


FOOD 

ADE¬ 

QUACY 

OF 

PROTEIN 

TRYPTO¬ 

PHAN 

LYSINE 

CYS¬ 

TINE 

HISTI¬ 

DINE 

AND 

ARGI¬ 

NINE 

TYRO¬ 

SINE 

Barley 

X 

- 

X 

X 

X 

Beans,  soy 

Beans,  white 

A 

+ 

+ 

X 

X 

X 

X 

- 

X 

X 

X 

Veal 

A 

+ 

+ 

X 

X 

X 

Beef 

A 

+ 

+ 

X 

X 

X 

Corn  (maize) 

— 

- 

X 

X 

+ 

Cottonseed 

A  (?) 

+ 

+ 

X 

X 

X 

Eggs 

A 

+ 

+ 

+ 

X 

X 

Fish 

A 

+  (?) 

+ 

X 

X 

X 

Milk 

A 

+  + 

+ 

X 

X 

X 

Casein 

A 

X 

+ 

— 

X 

X 

Oats 

X 

— 

X 

X 

X 

Peas 

A 

+ 

+ 

X 

+ 

X 

Cowpeas 

A 

+ 

X 

X 

X 

X 

Peanuts 

A 

X 

+ 

X 

+  + 

X 

Potatoes 

A  (?) 

X 

X 

X 

X 

X 

Pork 

A 

+ 

+ 

X 

X 

X 

Poultry 

A 

X 

+ 

X 

X 

X 

Rice 

A 

X 

X 

X 

X 

X 

Rye 

Wheat 

X 

X 

- 

X 

X 

X 

X 

X 

X 

Gelatin 

— 

+ 

X 

X 

x  Indicates  present. 

+  Indicates  present  in  moderate  amount. 

++  Indicates  present  in  large  amount. 

Indicates  present  in  very  small  amount. 

A  Indicates  ^“‘protein  Jgntalns .U  the  Tl 

rr“arKfl^ncPyt'rsm«m%Ues«n?fal  acid  even  though  be  present. 
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For  thousands  of  years  it  had  been  believed  that  certain  or¬ 
gans  when  eaten  had  a  special  virtue;  thus,  the  eating  of  the 
heart  of  a  brave  man  might  bestow  courage.  Certainly  the 
eating  of  the  thyroid  gland  raises  the  basal  metabolic  rate.  It  is 
still  believed  that  the  eating  of  the  placenta  supplies  the  animal 
mother  with  some  necessary  hormones.  Many  active  substances 
in  food  are  destroyed  during  digestion.  The  toxalbumins  are 
of  two  classes :  the  snake  venoms  that  are  harmless  taken  by 
mouth,  and  such  proteins  as  ricin  from  castor  beans,  which 
may  be  deadly. 

Table  XVIII 

Food  as  Purchased  (Sherman) 


c.c.  IV/10 


PER  POUND 

ACID 

BASE 

Apples,  dried 

79 

Apples,  fresh 

13 

Apple  butter 

18 

Apricots,  dried 

139 

Bacon 

19 

Bananas 

16 

Beans,  canned 

29 

Beans,  dried 

79 

Beans,  string 

22 

Beef,  fresh 

30 

Beef,  corn,  canned 

32 

Beets 

50 

Bread,  hard 

38 

Bread,  soft 

32 

Breakfast  foods 

25 

Butter 

Cabbage 

22 

Carrots 

38 

Celery 

30 

Cheese 

25 

Cocoa 

2 

Corn,  canned 

8 

Com,  green 

3 

Com  meal 

24 

Currants 

26 

Eggs 

45 

Fish,  dried 

36 

Fish,  pickled 

41 

Flour 

44 

Grapefruit 

17 

Ham 

40 

Hash 

Hominy 

24 

Jam 

Lard 

17 

Lamb 

32 

Lettuce 

27 

c.c.  N/ 10 

PER  POUND 

ACID 

BASE 

Liver 

43 

Macaroni,  spaghetti 

49 

Milk,  evaporated 

20 

Milk,  fresh,  gallons 

8 

Mutton 

25 

Oatmeal 

54 

Oil,  pints 

Oleomargarine 

Onions 

6 

Oranges 

19 

Peaches,  dried 

105 

Peanut  butter 

19 

Peas,  canned,  green 

3 

Peas,  dried 

24 

Pineapple 

110 

Pork,  fresh 

33 

Pork,  salt 

Potatoes,  sweet 

4 

24 

Potatoes,  white 

26 

Prunes 

93 

Poultry 

33 

Pumpkin,  canned 

3 

Raisins 

95 

Rice 

43 

Sauerkraut 

22 

Sausage,  frankfort 

44 

Sirup,  quarts 

Spinach 

122 

Squash,  canned 

Sugar 

Tapioca 

Tomatoes,  canned 
Tomatoes,  fresh 

Turnips 

Veal 

Watermelon 

37 

6 

25 

26 
25 

5 
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If  the  stomach  is  entirely  removed  from  a  man  or  a  dog 
anemia  may  develop;  yet  this  may  depend  somewhat  on  the 
diet.  Persons  with  pernicious  anemia,  a  fatal  disease,  have  a 


Table  XIX 

Food  as  Purchased  (Sherman) 


per  cent 


ca 

P 

pe 

Apples,  dried 

0.032 

0.048 

0.0015 

Apples,  fresh 

0.005 

0.009 

0.0002 

Apple  butter 

0.020 

0.032 

0.0010 

Apricots,  dried 

0.066 

0.177 

0.0014 

Bacon 

0.006 

0.108 

0.0015 

Bananas 

0.006 

0.022 

0.0004 

Beans,  canned 

0.049 

0.158 

0.0054 

Beans,  dried 

0.146 

0.473 

0.0071 

Beans,  string 

0.044 

0.048 

0.0010 

Beef,  fresh 

0.012 

0.216 

0.0030 

Beef,  com, 

0.014 

0.270 

0.0038 

canned 

Beets 

0.023 

0.031 

0.0005 

Bread,  hard 

0.022 

0.102 

0.0015 

Bread,  soft 

0.027 

0.093 

0.0009 

Breakfast  foods 

0.021 

0.376 

0.0029 

Butter 

0.015 

0.017 

0.0002 

Cabbage 

0.038 

0.025 

0.0009 

Carrots 

0.045 

0.037 

0.0005 

Celery 

0.060 

0.030 

0.0004 

Cheese 

0.931 

0.683 

0.0013 

Cocoa 

0.112 

0.709 

0.0027 

Corn,  canned 

0.006 

0.103 

0.0008 

Corn,  green 

0.002 

0.040 

0.0003 

Corn  meal 

0.018 

0.190 

0.0009 

Currants 

0.082 

0.195 

0.0025 

Eggs 

0.060 

0.160 

0.0027 

Fish,  dried 

0.020 

0.202 

0.0010 

Fish,  pickled 

0.015 

0.161 

0.0008 

Flour 

0.020 

0.092 

0.0010 

Grapefruit 

0.015 

0.014 

0.0002 

Ham 

0.009 

0.162 

0.0023 

Hash 

Hominy 

0.011 

0.144 

0.0009 

Jam 

Lard 

Lamb 

0.009 

0.162 

0.0023 

Lettuce 

0.037 

0.036 

0.0006 

PER  CENT 


ca 

p 

Fe 

Liver 

0.012 

0.216 

0.0030 

Macaroni, 

0.022 

0.144 

0.0012 

spaghetti 

Milk,  evaporated 

0.300 

0.235 

0.0006 

Mutton 

0.007 

0.129 

0.0018 

Oatmeal 

0.069 

0.392 

0.0038 

Oil,  pints 

Oleomargarine 

Onions 

0.031 

0.041 

0.0005 

Oranges 

0.032 

0.015 

0.0001 

Peaches,  dried 

0.034 

0.146 

0.0012 

Peanut  butter 

0.071 

0.399 

0.0020 

Peas,  canned 

0.028 

0.127 

0.0017 

Peas,  green 

0.015 

0.070 

0.0009 

Peas,  dried 

0.084 

0.400 

0.0057 

Pineapple 

0.018 

0.028 

0.0005 

Pork,  fresh 

0.006 

0.108 

0.0015 

Pork,  salt 

0.009 

0.162 

0.0023 

Potatoes,  sweet 

0.015 

0.036 

0.0004 

Potatoes,  white 

0.011 

0.046 

0.0010 

Prunes 

0.046 

0.089 

0.0026 

Poultry 

0.008 

0.151 

0.0021 

Pumpkin, 

0.023 

0.059 

0.0008 

canned 

Raisins 

0.064 

0.132 

0.0021 

Rice 

0.009 

0.096 

0.0009 

Sauerkraut 

0.045 

0.029 

0.0011 

Sausage,  frank- 

0.012 

0.216 

0.0030 

fort 

Spinach 

0.067 

0.068 

0.0036 

Squash,  canned 

0.018 

0.0006 

Tomatoes,  canned 

0.011 

0.026 

0.0004 

Tomatoes,  fresh 

0.010 

0.023 

0.0004 

Turnips 

0.045 

0.032 

0.0004 

Veal 

0.009 

0.162 

0.0023 

Milk,  fresh 

0.120 

0.093 

0.0002 

Sirup 

0.211 

0.044 

0.0073 

Tapioca 

0.023 

0.090 

0.0016 

stomach,  but  it  does  not  digest  food;  hence  there  is  no  secre¬ 
tion.  If  meat  is  digested  in  the  gastric  juice  of  a  person  secret¬ 
ing  such  (and  hence  not  in  a  patient  with  pernicious  anemia) 
and  the  digested  meat  is  fed  to  the  patient  with  pernicious 
anemia,  the  symptoms  are  relieved.  Furthermore,  if  raw  liver 
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is  fed  in  sufficient  amounts  to  a  patient  with  pernicious  anemia, 
the  symptoms  are  relieved.  Dakin  and  West  showed  that  one 
active  principle  of  liver  is  a  peptide  of  amino  hexose,  lysine, 
arginine,  glycine,  leucine,  hydroxyproline  and  aspartic  acid. 
Sturgis  postulated  that  the  stomach  secretes  a  similar  sub¬ 
stance  to  account  for  the  fact  that  feeding  stomach  tissue  will 
also  relieve  the  symptoms  and  that  gastric  digest  will  do  so. 
No  one,  however,  has  isolated  the  substance  in  gastric  juice. 
The  remarkable  thing  is  that  this  peptide  escapes  the  digestive 
juice.  In  a  similar  manner  enough  ricin  escapes  the  digestive 
juices  so  that  death  may  occur. 

Daily  Requirements 

The  National  Research  Council  has  recommended  daily  re¬ 
quirements  based  on  calorific  needs.  Since  most  people  know 
little  of  the  latter,  the  list  below  has  been  abridged. 


Table  XX 
Daily  Requirements 


GRAMS 

1 

MILLIGRAMS 

PRO- 

CAL- 

VITA- 

VITA- 

RIBO- 

NICO- 

VITA- 

VITA- 

TEIN 

CIUM 

IRON 

MIN 

MIN 

FLA- 

TINIC 

MIN 

MIN 

A 

a, 

VIN 

ACID 

C 

D 

Adult 

70 

0.8 

12 

1.5 

2.0 

3.0 

20 

75 

_ 

Pregnancy 

85 

1.5 

15 

1.8 

1.8 

2.5 

18 

100 

0.02 

Lactation 

100 

2.0 

15 

2.4 

2.3 

3.0 

20 

150 

0.02 

Infant  up  to  1  yr. 

15-40 

1.0 

6 

0.45 

0.4 

0.0 

4 

30 

0.02 

Vitamins  in  Food 

It  should  be  noted  from  the  National  Research  Council  re- 
quiiements  (Table  XX)  that  vitamin  I)  is  only  required  for  the 
nutrition  of  the  fetus  and  infant.  As  will  be  seen  from  Table 
XXI,  the  only  natural  foods  from  which  this  requirement  of 
vitamin  D  may  be  obtained  are  sea  fish,  which  are  not  ordinarily 
given  to  young  infants,  but  the  mother  could  eat  them  and 
transmit  the  vitamin  to  her  milk.  This  means  that  the  infant 
should  nurse  the  breast  for  one  year  or  be  given  vitamin  D. 

The  following  tables  would  fill  this  book  if  not  simplified.  An 
attempt  has  been  made  to  choose  representative  values  for  the 
most  common  foodstuffs.  Great  variations  occur ;  for  instance 
mre  is  more  vitamin  C  on  the  sunny  side  than  on  the  shady  side 


Stack 


Pig-.  67. — Apparatus  for  instantaneous  drying  of  fruit  juices  in  flue  gas  to 
preserve  vitamin  C.  (Journal  of  Biological  Chemistry.) 


Fig.  68.— Detail  of  Fig.  67.  (Journal  of  Biological  Chemistry.) 
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Table  XXI 


Vitamins  A,  C,  and  D  in  Foods 

(Simplified  From  U.  S.  Department  of  Agriculture  Circular  No.  638,  1942.) 


FOODS 


Apple 
baked 
in  pie 
sauce 

Apricot,  sulphured,  dried 
Asparagus  tips 
Banana 

Beans,  lima,  young 
Beans,  snap 
Beefsteak 
Beef  suet 
Beets 
Beet  tops 
Butter 
Cabbage 
cooked 

dehydrated  (wet  wt.) 
Carrots 

dehydrated  (wet  wt.) 
Cherries 

Chili  (paprika,  peppers) 
Citrus  fruits 
Grapefruit 
Lemon 
Lime 
Orange 

Cocoa  and  chocolate 
Corn,  yellow 
Cranberries 
Currants,  black 
red 
Eggs 
yolk 
Grapes 
Heart,  beef 
Herring 
Lettuce 
Liver,  beef 
Mackerel 
Milk 

Muskmelon 
Peaches,  yellow 
sulphured,  dehydrated 
Peas,  green 
Pecans 
Potato 

Raspberries,  red 

Salmon 

Sardines 

Spinach 

Strawberries 

Tomato 

Turnip  tops 


MILLIGRAMS  PER  100  GRAMS 


A 

c 

D 

.03 

7 

3 

1.3 

7 

1.74 

2 

.30 

100 

. 

.15 

10 

.20 

30 

.30 

10 

1.7 

.0003 

.18 

20 

.025 

5.00 

33 

.90 

.0025 

.20 

50 

30 

11 

1.00 

4 

1.9 

3 

.25 

100 

35 

40 

30 

45 

.0025 

.08 

10 

.007 

19 

200 

30 

.300 

.900 

.007 

.015 

5 

.06 

.02 

.05 

.06 

20 

10. 

.00025 

.05 

.025 

.3 

1 

.000025 

.7 

30 

.9 

4 

+ 

2 

20 

.06 

.012 

20 

.15 

25 

.12 

.012 

.025 

2.00 

40 

.015 

50 

.2 

20 

5.00 

100 
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of  an  apple.  Vitamins  may  be  lost  during  storage  or  prepara¬ 
tion,  especially  during  cooking.  Figs.  67  and  68  show  an  ap¬ 
paratus  for  preserving  vitamin  C  in  fruit  juices  by  instan¬ 
taneous  dehydration  in  flue  gas. 


Table  XXII 
Vitamin  B  Complex 

University  of  Texas  Publication  No.  4237 


MILLIGRAMS  PER  KILOGRAM  (=  MICROGRAMS  PER  GRAM) 


FOODS 

VITA¬ 

MIN 

B, 

RIBO¬ 

FLAVIN 

NICO¬ 

TINIC 

ACID 

PANTO¬ 

THENIC 

ACID 

PYRID¬ 

OXIN 

BI¬ 

OTIN 

INO¬ 

SITOL 

Com  meal,  white 

.63 

7.5 

3.1 

.54 

.058 

450 

White  bread 

.78 

6 

4.6 

.039 

.011 

510 

Whole  wheat  bread 

2.3 

1.1 

28 

5.7 

.38 

.019 

670 

Milk,  whole 

.44 

.95 

.60 

2.9 

.00 

.05 

180 

Eggs 

1.4 

4.4 

.72 

14 

.22 

.09 

330 

Beef  brain 

2.3 

1.4 

35 

18 

.074 

2000 

Beef  heart 

4.4 

8.8 

84 

20 

1.2 

.08 

2600 

Beef  liver 

2.(3 

28 

120 

76 

1.7 

.96 

510 

Beefsteak 

.03 

2.2 

46 

4.9 

.77 

.026 

115 

Pork  loin 

7.9 

2.8 

38 

1 

.86 

.046 

450 

Beets 

.20 

.6 

6.5 

1.1 

.13 

.003 

210 

Beet  tops 

1.4 

2.1 

6 

1.4 

.37 

.027 

210 

Cabbage 

1.4 

.57 

2.1 

1.8 

1.2 

.024 

950 

Carrots 

.49 

.50 

2.6 

2.5 

1.2 

.025 

480 

Lettuce 

.39 

.27 

2.5 

1.1 

.71 

.031 

550 

Lima  beans,  dry 

5.3 

1.3 

9.8 

8.3 

5.5 

.098 

1700 

Onions 

.36 

.24 

.8 

1.3 

.63 

.035 

800 

Peas,  green 

3.5 

1.5 

18 

3.8 

.79 

.094 

1620 

Potatoes 

1.7 

.29 

4.3 

3.2 

2.2 

.006 

290 

Potatoes,  sweet 

1.2 

.40 

5.5 

9.4 

3.2 

.043 

660 

Spinach 

Turnips 

.56 

2.3 

5.1 

1.8 

.83 

.069 

270 

.26 

.65 

6.9 

.37 

1.1 

.021 

460 

Apples 

.96 

.18 

.81 

.60 

.26 

.009 

240 

Bananas 

1.6 

.56 

5.8 

1.8 

3.2 

.044 

340 

Cantaloupe 

.75 

.26 

10.1 

2.3 

.36 

.031 

1200 

Grapefruit 

1.5 

.30 

2.1 

2.9 

.09 

.030 

1500 

Oranges 

.92 

.47 

3. 

3.4 

.80 

.019 

2100 

Peaches 

.05 

.17 

3.3 

1.7 

.16 

.017 

960 

Raisins 

2.3 

.29 

2.9 

.9 

.94 

.031 

1200 

Strawberries 

.35 

.34 

2.2 

2.6 

.44 

.040 

600 

Tomatoes 

.60 

.37 

4.7 

3.7 

.60 

.040 

460 

Watermelon 

.56 

.69 

2.4 

3.1 

.33 

.036 

640 

Chocolate 

6.4 

2.4 

11 

1.9 

.23 

.32 

850 

Molasses 

5.9 

.62 

39 

2.6 

2.7 

.09 

1500 

Mushrooms 

1.1 

3.3 

69 

17 

.45 

.18 

170 

Peanuts,  roasted 

14 

1.05 

86 

25 

3 

.34 

1800 

Yeast,  dry  brewer ’s 

8.5 

15.2 

126 

42.5 

1 

.07 

280 

It  may  readily  be  seen  from  the  table  that  pork  is  a  better 
source  of  vitamin  B,  than  beef  and  that  green  vegetables  are 
good  sources.  Fungi  are  high  in  the  B  complex.  The  samples 


FOODS 


321 


of  lima  beans,  peanuts,  chocolate  and  yeast  are  high  due  to  low- 
water  content.  Molasses  appears  to  be  a  concentrate  of  the 
vitamin  B  complex. 

The  riboflavin  content  of  liver  far  exceeds  that  of  any  other 
food  listed,  and  milk  is  a  good  source  only  if  it  is  drunk  in  large 
quantities  (it  would  require  3  quarts  a  day  for  the  National 
Research  Council  quota).  The  riboflavin  content  of  cheese  is  6 
times  as  great  as  that  of  milk. 

Nicotinic  acid  is  concentrated  in  liver  and  is  lower  in  pork 
than  in  beef.  Since  it  is  absent  in  fat,  the  Goldberger  pellagra 
diet  of  fat  pork,  cabbage  and  corn  meal  seems  logical,  although 
white  bread  could  be  substituted  for  corn  meal  without  raising 
the  nicotinic  acid  content  of  the  diet.  Whole  wheat  bread  is  a 
better  source  of  the  entire  B  complex  than  white  bread. 

Liver  is  also  the  richest  source  of  pantothenic  acid  and  biotin 
and  the  next  best  source  is  the  peanut. 

Inositol  is  concentrated  in  heart  and  brain,  seeds,  molasses 
and  citrus  fruits. 


CHAPTER  XVIII 
INTERNAL  SECRETIONS 

Many  glands  are  connected  with  a  duct  through  which  the 
secretion  of  the  gland  is  poured  out.  Certain  other  glands  are 
ductless  and  their  secretions  find  their  way  into  the  blood 
stream.  These  internal  secretions  have  been  called  hormones. 
One  of  them,  the  thyroid  hormone,  has  been  conceded  as  a 
regulator  of  basal  metabolic  rate. 

Thyroid. — The  thyroid  gland  not  only  controls  the  total  heat 
production  but  also  the  sum  total  of  chemical  processes  that 
take  place  during  growth  and  development  and  adult  life.  If 
the  thyroid  secretion  is  inadequate  from  the  time  of  fetal  life, 
growth  is  retarded  and  dwarfism  results,  mental  development 
is  checked,  and  the  condition  is  known  as  cretinism  (Figs.  69  and 
70).  The  word  cretin  is  said  to  be  derived  from  Christian.  Cre¬ 
tins  are,  as  a  rule,  quite  friendly  and  childlike.  Their  joints  do 
not  function  properly,  leading  to  a  slouching  gait.  Their  mental 
deficiency  leads  to  their  economic  dependence,  and  they  usually 
live  in  charity  institutions.  Cretinism  may  be  prevented  by 
feeding  the  thyroid  hormone  at  a  sufficiently  early  age.  One 
of  the  symptoms  of  cretinism  is  myxedema  or  a  protein-con¬ 
taining  accumulation  in  or  under  the  skin.  If  the  thyroid  gland 
of  an  adult  is  removed,  myxedema  results,  but  all  of  the  pro¬ 
found  symptoms  of  cretinism  may  not  appear.  The  thyroid 
hormone,  isolated  by  Kendall  and  given  the  name  thyroxine,  is 
listed  under  the  amino  acids.  Kendall  showed  that  thyroxine 
was  more  than  65%  iodine,  and  since  the  body  cannot  syn¬ 
thesize  iodine,  this  element  must  be  supplied  in  the  food  or 
drink  or  medication.  Hunziker  attributed  increased  growth 
of  the  thyroid  (Figs.  73  and  74),  known  as  goiter,  to  iodine 
starvation,  but  the  cause  of  goiter  is  still  in  dispute.  It  has 
been  attributed  to  too  much  calcium,  fluorine,  selenium,  pal¬ 
ladium,  radioactivity  or  to  eating  foods  which  were  too  high 
in  fatty  acids  or  nitriles.  The  latter  substance  is  supposed  to 
be  in  cabbage  and  fennel.  It  is  true,  however,  that  in  coun¬ 
tries  where  there  is  an  abundance  of  iodine  in  food  and  drink¬ 
ing  water,  goiter  is  very  rare.  Such  a  country  is  Japan  where 
seaweed  containing  0.5%  of  iodine  (dry  weight)  is  eaten. 
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Furthermore,  David  Marine  showed  that  when  he  fed  sodium 
iodide  to  half  the  school  children  in  Akron,  Ohio,  goiter  was 
prevented,  or,  in  case  it  had  already  appeared,  it  was  reduced. 


Fig-.  69. — Cretins  of  Canton  Appenzell,  Switzerland. 


tig.  <0.  Cretin  lamb.  (Montana  Agricultural  Station  Bulletin.) 


In  the  canton  Appenzell,  Switzerland,  Eggenberger  has  shown 
that  after  twelve  years  of  the  purposeful  putting  of  iodine  in 
the  salt  no  new  eases  of  cretinism  have  developed  and  the 
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goiters  are  much  smaller  than  formerly.  Certain  regions,  such 
as  the  Alps  and  that  part  of  America  known  as  the  Canadian 
Shield  (or  more  exactly  that  which  was  formerly  glaciated) 
are  highly  goitrous.  I  have  shown  that  drinking  water, 
cabbage,  and  potatoes  of  a  more  goitrous  region  contain 
less  iodine  than  the  same  products  from  a  less  goitrous 
region.  Cavett  and  I  have  shown  also  that  the  thyroglobulin 
from  goiters  is  low  in  thyroxine.  In  this  regard  all  goiters 


Fig.  71. — Growth  of  rat’s  thyroid  on  three  diets  without  added  iodine  and 
two  of  these  diets  with  added  iodine. 


are  similar.  They  are  classified  by  clinicians,  however,  ac¬ 
cording  to  their  clinical  symptoms  and  according  to  their 
basal  metabolic  rate.  Some  of  them  may  have  approximately 
normal  basal  metabolic  rates  and  some  low  rates  in  other 
words — partial  symptoms  of  cretinism.  On  the  other  hand, 
some  show  abnormally  high  rates  but  these  rates  "vary  per io<l i 
cally,  there  being  a  period  of  rise  in  metabolic  rate  followed 
by  a  period  of  fall  in  metabolic  rate.  Means  has  shown  that 
if  large  quantities  of  iodine  are  administered,  the  rates  still 
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fluctuate  periodically  but  at  a  lower  level.  Evidently  there  is 
something  else  the  matter  with  these  people  in  addition  to  the 
goiter. 

Exophthalmic  Gaiter 

amdl 

Iodine  m  BrinKino  Water 


EXOPHTHALMIC 

GOITER 

•&n  the  tower  area ,  fhom 
Otoi 5  perlOOO  drafted  men 
Were  reported  era  having 
exophthalmic  goiter  ~ 
in  the  upper  area,  fhom 
O  to  Q3 


Somiplle 

(Sollicip 


E  xap^IhGoOimoa: 

©ooieir 


SIMPLE 

GOITER-. 

Hn  the  lower  area  there  were 
from  O  to  k 5  military  goiters 
per  lOOO  drafted  men  ~ 
—  in  the  upper  area, 
from  v5  to  111 


t  IODINE  OoGOfiffn  <e 

in 

DRINKING  WATER 

the  upper  area,  waters 
contain  thorn  O.Ol  to  0.2 2 
parts  of  iodine  per  billion 
parts  of  wa ter  ^  ~. 

in  the  area  below,  from 
a  23  to  16b 

micFgolterll4l|hmwhel?simDl?l?lte?authiil!,OW  t,hat.,th'-  ra,e  of  exophthal- 
thalmic  goiter  is  low  where  simple  goiter  .s  low  "  „dJl  "lmeSl'0|"'s“d  exop,“ 


Magnus  Levy  sliowed  that  the  basal  metabolic  rate  is  a 
measure  of  the  thyroid  hormone,  and  Boothby  and  Sandiford 
ound  that  1  milligram  of  thyroxine  would  raise  the  basal 
metabolic  rate  2.8%,  but  that  this  rise  did  not  occur  suddenly, 
there  being  a  delay  of  at  least  fifty  hours.  After  a  rise  there 
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was  a  much  slower  fall,  so  that  the  action  was  prolonged  for 
weeks.  It  has  been  claimed  that  toxic  goiter  is  hyperthy¬ 
roidism,  but  the  exophthalmos  seems  to  be  due  to  overproduction 
of  thyrotropic  hormone.  There  are  other  things  which  raise  the 


•pijo-  7? _ Glands  of  internal  secretion.  The  lower  half  of 

(pewfs)  Is  divided  in  the  midline,  the  right  half  being  male  “d  showing 
the  testis;  the  left  half  female,  showing  the  ovary  and  part  of  the  uteru 
not  hid  by  the  bladder. 


basal  metabolic  rate  besides  the  thyroid  hormone,  as  for  instance, 
cerebral  action  (Olnjanskaya).  Pinitrophenol  will  raise  it  to  an 
enormous  value.  The  usual  treatment  for  toxic  goiter  is  to 
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give  iodine  until  the  basal  metabolic  rate  is  at  its  lowest  level 
and  then  remove  about  three-fourths  of  the  thyroid.  This  re 
moval  of  thyroid  tissue  usually  lowers  the  basal  metabolic 
rate.  After  removal  of  most  of  the  thyroid  the  remaining  por¬ 
tion  may  grow  again  unless  iodine  is  continuously  supplied. 

Thyroxine  is  insoluble  in  water,  and  when  the  sodium  salt 
is  taken  by  mouth  it  is  precipitated  by  the  acid  of  the  stomach. 
For  full  effect  it  is  given  subcutaneously  or  intravenously. 
Desiccated  thyroid  gland  is  always  taken  by  mouth.  No 
“thyroid  extract* ’  is  sold  and  when  ordered,  desiccated  thy¬ 
roid  is  supplied. 


The  Parathyroid  Hormone  (parathormone)  already  referred 
to  in  relation  to  Ca  and  P  metabolism  is  secreted  by  4  small 
glands  embedded  in  the  dorsal  surface  of  the  thyroid  gland 
(hig.  73).  Hansen  made  the  first  active  preparation  and 
CoHiP  studied  it  also.  It  has  not  been  entirely  freed  from  pro¬ 
tein,  although  prepared  by  acid  hydrolysis  of  the  parathyroid 
glands.  On  injection,  the  bones  partially  dissolve,  which  in¬ 
creases  the  blood  Ca  whereas  the  bone  phosphate  is  excreted. 
On  the  other  hand,  if  the  parathyroids  are  removed  (as  for¬ 
merly  in  thyroidectomies)  the  blood  Ca  falls,  and  in  man  and 
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some  other  animals  tetany  and  often  death  result.  If  parathy- 
roidectomized  dogs  are  fed  a  milk  diet  they  finally  recover. 

Insulin,  as  already  stated,  is  a  polypeptide  regulating  glu¬ 
cose  metabolism.  It  is  obtained  from  the  islets  of  Langerhans 
(Fig.  30)  in  the  pancreas.  Its  injection  lowers  the  blood  sugar 
until  finally  insulin  shock  or  convulsions  occur.  If  dogs  are 
thirsted  several  days,  they  are  not  thrown  into  convulsions  by 
insulin  injections  but  die  nevertheless.  Insulin  shock  may  oc¬ 
cur  spontaneously  in  cases  of  tumors  of  the  pancreas  and  is 
then  often  mistaken  for  epilepsy.  The  two  conditions  are  re¬ 
lated  in  that  dehydration  in  both  cases  relieves  the  manifest 
symptoms,  but  not  the  fundamental  disease.  On  the  other 
hand,  pancreatectomy  produces  diabetes  mellitus  with  hyper- 
glucemia,  glucosuria,  poor  glycogen  storage  in  the  liver,  and 
ketone  bodies  increased  in  blood  and  urine.  Banting  was  the 
first  to  inject  active  insulin  preparations  into  himself.  Alloxan 
causes  degeneration  of  the  /?  cells  in  islet  tissue  and  diabetes. 

The  Male  Hormones. — Androsterone  is  a  sterol  and  was  syn¬ 
thesized  from  epidihydrocholesterol  by  Ruzicka  after  Buten- 
andt  had  worked  out  its  chemical  structure.  The  first  work  on 
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hormones  was  by  Brown-Sequard,  who  injected  testicular  ex¬ 
tracts  into  himself  for  rejuvenation.  Moore,  Koch,  and  others 
have  shown  that  a  male  hormone  is  responsible  for  the  secondary 
male  sex  characteristics  and  for  the  prostatic  secretion. 

The  Female  Follicular  Hormone  (Estrone). — Stockard  dis¬ 
covered  the  biological  test  for  this  hormone  which  causes 
cor  nifi  cation  of  the  vagina  of  the  guinea  pig  and  other  ani¬ 
mals.  Long  and  Evans  used  rats  and  Frank,  mice.  Lack  of 
vitamin  A  or  repeated  scraping  of  the  vagina  produces  a  simi¬ 
lar  cornification.  Doisy  first  crystallized  estrone  and  Buten- 
andt  and  Doisy  both  worked  on  its  chemical  structure,  which 
is  a  sterol  with  3  double  bonds. 


O 


/yy 

Estradiol 


OH 


/W 

ho'n/n/ 
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CH3 
C  =  0 


Estradiol  and  Estriol  are  also  active.  These  hormones 
when  injected  into  animals  produce  the  sexual  stage  known  as 
“heat.”  These  hormones  are  excreted  in  the  urine. 

A  Corpus  Luteum  Hormone  (progesterone)  which  causes  pro¬ 
liferation  of  the  endometrium  of  the  uterus  (in  preparation  for 
implantation  of  the  ovum)  was  studied  by  Hisaw  and  Comer 
Butenandt  synthesized  it  from  stigmasterol. 

The  hormones  of  the  anterior  hypophysis  are  protein. 
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Growth  Hormone  of  the  Anterior  Hypophysis.— Cushing 
showed  that  removal  of  the  hypophysis  or  pituitary  gland  at 
the  base  of  the  brain  (Fig.  74)  produced  dwarfism.  Increased 
function  causes  acromegaly  (Fig.  75).  Evans  prepared  active 
saline  or  alkaline  extracts  of  the  anterior  hypophysis  which 
produced  gigantism  in  rats.  It  is  active  in  human  beings. 


Fig.  75. — A  case  of  acromegaly. 


Thyrotropin  of  the  Anterior  Hypophysis. — Smith  showed 
that  hypophysectomy  caused  atrophy  of  the  thyroid,  Uhlen- 
huth  and  Schwartzbach  showed  that  hypophysis  extract 
stimulates  the  thyroid  to  release  the  colloid,  and  Loeb  pro¬ 
duced  hyperplasia  of  the  thyroid  by  injection  of  hypophysis 
extract.  Marine  produced  exophthalmos  in  guinea  pigs,  whose 
thyroids  had  been  removed  or  poisoned,  by  injection  of  hypoph¬ 
ysis  extract,  indicating  that  the  thyroid  is  not  concerned  in 
exophthalmos.  Collip  studied  thyrotropic  hormone. 

•Cf.  McClendon:  Science  83:  283,  1936. 
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Carbohydrate  Hormone  of  Anterior  Hypophysis— Houssay 
showed  that  insulin  had  little  effect  on  hypophysectomized 
animals,  whereas  the  implantation  of  a  second  hypophysis  in 
a  normal  animal  produced  diabetes.  He  also  found  that  the 
removal  of  both  the  pancreas  and  hypophysis  did  not  result  in 

diabetes  in  the  dog.  (Houssay  dog.) 

Gonadotropin  of  Anterior  Hypophysis. — Smith,  Zondek,  and 
others  showed  that  implantation  of  hypophysis  into  a  sex¬ 
ually  immature  rat  produces  sexual  maturity.  This  hor¬ 
mone  is  excreted  in  the  urine  and  is  the  basis  of  the  Asch- 
heim-Zondek  test  for  pregnancy.  The  Friedman  modification 
of  this  test  is  now  generally  used.  Rabbits  are  used  as  test 
animals  since  they  do  not  ovulate  except  as  a  result  of  stimu¬ 
lation  from  coitus  or  by  the  anterior  pituitary  hormone  in¬ 
jected  (in  the  urine  under  investigation).  It  has  been  sug¬ 
gested  that  this  hormone  is  produced  by  the  placenta,  but  it 
might  be  merely  stored  in  the  placenta. 

Lactogenic  Hormone  of  the  Anterior  Hypophysis  (prolac¬ 
tin). — Estrone  produces  growth  of  the  mammary  glands  but 
prolactin  is  said  to  cause  milk  secretion,  even  of  the  crop  milk 
of  pigeons  (Riddle). 

Pitocin  from  the  posterior  lobe  of  the  hypophysis  produces 
contraction  of  the  uterine  muscle  and  is  used  for  that  purpose 
to  reduce  postpartum  hemorrhage.  Its  prosthetic  group  has 
been  separated. 

Pitressin  from  the  posterior  lobe  of  the  hypophysis  produces 
increase  in  blood  pressure  and  secretion  of  chlorides  of  urine 
but  decreases  excretion  of  water.  Its  prosthetic  group  has  been 
isolated.  Pituitrin  is  the  extract  of  the  posterior  lobe  of  this 
gland  and  contains  both  of  the  active  principles  mentioned 
above.  It  is  a  protein  bearing  both  prosthetic  groups. 

1-Adrenaline,  HO-/  V-CH(OH)CH,NH-CH„  from 

/ 

H— 0 

the  adrenal  medulla  constricts  the  arterioles,  strengthens  the 
heart,  and  increases  blood  pressure.  It  first  accelerates  the 
heart,  but  the  high  blood  pressure  slows  it.  Local  application 
m  surgery  lessens  hemorrhage  and  the  spread  of  local  anesthetics 
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to  the  general  circulation.  Small  doses  dilate  the  pupil  and 
larger  ones  constrict  it.  It  causes  raising  of  the  hair  and  in¬ 
creased  sweating.  It  raises  the  blood  sugar  and  is  the  “fight 
hormone”  (Cannon). 


CH2— OH 

I 

c=o 


H 

O 

ch3 

c=o 


oW 
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Dehydrocorticosterone  ll-Dehydro-17-hydroxycorticosterone 


Cortin  from  the  adrenal  cortex  contains  a  number  of  sterones 
isolated  by  Kendall  and  relieves  the  symptoms  of  Addison ’s  dis¬ 
ease.  Death  from  adrenalectomy  is  due  to  lack  of  this  hormone- 
Addison ’s  disease  is  due  to  its  deficiency  and  is  characterized  by 
languor,  feeble  heart,  anemia,  and  change  in  color  of  the  skin. 

Secretin,  discovered  by  Bayliss  and  Starling  in  the  duode¬ 
num,  causes  the  pancreas  to  secrete. 

Cholecystokinin  causes  increased  flow  of  bile. 

Gastrin  causes  increased  flow  of  gastric  juice  but  may  be  the 
same  as  histamine. 

Enterogastrone  is  secreted  by  the  intestine  when  food  en¬ 
ters  it,  and  lessens  gastric  activity. 

Enterocrinin  stimulates  the  flow  of  succus  entericus. 


PART  II 
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LABORATORY  WORK 

Apparatus 


1  Beaker,  400  c.c. 

1  Beaker,  100  c.c. 

1  Doz.  test  tubes. 

2  Erlenmeyer  flasks,  200  c.c. 

1  Erlenmeyer  flask,  500  c.c. 

1  Funnel,  large 
1  Funnel,  long  stem,  4  cm. 

1  Graduate,  10  c.c. 

1  Graduate,  100  c.c. 

1  1  or  2  c.c.  pipette  graduated  in 
hundredths. 

1  5  c.c.  pipette 
1  10  c.c.  pipette. 

1  25  c.c.  pipette. 

2  Watch  glasses. 

1  Wash  bottle. 

1  Burette  and  clamp. 


Acid,  acetic  glacial. 

Acid,  acetic,  10%. 

Acid,  hydrochloric,  cone. 
Acid,  hydrochloric,  10%. 
Acid,  nitric,  cone. 

Acid,  nitric,  10%. 

Acid,  sulphuric,  cone. 

Acid,  sulphuric,  10%. 

Acid,  picric,  sat’d  sol. 
Ammonium  hydroxide,  10%. 
Ammonium  molybdate,  10%. 
Ammonium  oxalate,  2%. 
Ammonium  phosphate,  2%. 
Ammonium  thiocyanate,  2%. 
Rarium  chloride,  5%. 
Chloroform. 


1  Large  bottle. 

2  Centrifuge  tubes. 

2  Pvrex  test  tubes. 

2  100  c.c.  volumetric  flasks. 

1  Evaporating  dish. 

1  Thermometer. 

1  Test  tube  holder. 

1  Test  tube  brush. 

1  Test  tube  rack. 

1  Wire  gauze. 

1  Micro  burner  and  tubing. 

1  Micro-Kjeldahl  apparatus. 

1  Box  matches. 

1  Glass  slide. 

1  Bottle  of  phenol  red  paper. 
Key  to  locker. 


Reagents 

Ether. 

Fehling,  Sol.  A.  (CuS04,  5%) 
Fehling,  Sol.  B. 

Ferric  chloride,  2%. 

Aqueous  iodine,  1%. 

Mercuric  chloride  sat. 

Millon ’s  reagent. 

Potassium  ferrocyanide,  2%. 
Silver  nitrate,  2%. 

Sodium  carbonate,  2%. 

Sat.  sodium  chloride. 

Sodium  chloride,  10%. 

Sodium  hydroxide,  1:1. 
Sodium  hydroxide,  10%. 
Sodium  metasilicate,  2%  for 
cleaning  glassware. 
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VOLUMETRIC  AND  COLORIMETRIC  METHODS, 
PHYSICAL  CHEMISTRY,  ENZYMES 
AND  VITAMINS 

Glass  is  used  in  practically  all  the  apparatus  and  water  ad¬ 
heres  to  glass,  but  if  the  glass  is  greasy,  water  will  adhere  only 
in  spots,  and  such  apparatus  when  emptied  will  retain  large 
drops  of  water  sticking  over  its  surface.  It  is  therefore  neces¬ 
sary  to  remove  all  this  grease.  This  is  best  done  with  chromic 
acid.  Pour  the  cleaning  fluid  into  the  apparatus  or  suck  it  up 
into  it  and  then  let  it  run  back  into  the  bottle  to  be  used  again. 
It  may  be  used  until  it  is  green;  then  it  should  be  thrown  away. 
Chromic  acid  destroys  clothing  and  2%  sodium  metasilicate  is 
usually  effective. 

Volumetric  apparatus  is  of  two  kinds:  that  which  contains 
a  certain  volume,  such  as  a  volumetric  flask,  and  that  which 
delivers  a  certain  volume,  such  as  a  pipette  or  burette.  When 
fluid  is  poured  out  of  a  flask,  a  film  adheres  if  the  flask  is  clean. 
This  film  finally  drains  down,  therefore,  to  get  delivery  of  a 
certain  volume  a  certain  time  must  elapse  for  draining.  This 
time  element  is  provided  for  in  good  pipettes  and  burettes  by 
having  the  outflow  opening  so  small  that  the  fluid  drains  out 
at  the  required  rate  for  accurate  work.  When  the  fluid  is 
drained  down  to  the  required  mark  on  the  burette  or  drained 
out  of  the  pipette,  touch  the  tip  of  the  apparatus  to  the  side  of 
the  vessel  that  it  is  draining  into  to  remove  the  last  drop.  The 
portion  remaining  in  the  pipette  should  not  be  blown  out  ex¬ 
cept  in  case  of  special  blow-out  pipettes.  The  rate  of  draining 
of  a  fluid  depends  upon  the  viscosity.  Very  viscous  fluids,  like 
blood,  drain  slowly ;  therefore,  in  order  to  measure  with  the 
pipette  an  amount  of  blood  equal  to  the  amount  of  water  that 
is  usually  delivered  by  it,  it  is  necessary  to  allow  the  pipette 
to  drain  at  least  seven  times  the  length  of  time  required  for 
water.  For  this  reason,  pipettes  for  blood  are  made  very  short 
so  that  the  distance  to  drain  will  be  small;  and  they  are  often 
calibrated  for  blow-out  so  that  the  force  of  blowing  out  may  be 
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increased  with  the  increased  viscosity,  thus  saving  time.  The 
best  method  for  measuring  volumes  if  the  specific  gravity  is 
known  is  by  weighing.  With  transparent  fluids  in  reading  the 
meniscus  to  see  whether  the  apparatus  is  filled  to  the  required 
mark,  the  bottom  of  the  curve  of  the  meniscus  should  be  taken, 
as  it  is  the  most  definite.  With  opaque  fluids  this  cannot  be 
done,  and  the  top  must  be  taken.  It  makes  no  difference  in  the 
marking  on  the  burette  whether  you  take  the  top  or  bottom, 
but  with  a  pipette  this  does  make  a  difference ;  therefore,  opaque 
fluids  cannot  be  measured  in  a  pipette  accurately.  Clean  your 
burettes  and  pipettes. 

Calibrations. — Fill  the  25  c.c.  pipette  with  distilled  water, 
adjust  the  lower  part  of  the  meniscus  exactly  to  the  mark,  and 
transfer  the  contents  to  the  pan  of  a  Chaslyn  balance,  allowing 
it  to  drain  for  15  seconds  against  the  inside  of  the  pan.  Weigh 
again  to  within  an  accuracy  of  10  mg.  One  c.c.  of  water  at 
room  temperature  may  be  assumed  to  weigh  997  mg.;  hence 
the  water  should  weigh  24.9  g.  A  variation  from  24.8  to  25 
g.  is  permissible.  Pour  out  the  water  and  wipe  the  pan  dry 
with  a  clean  paper  towel.  Do  not  set  the  pan  down  on  any¬ 
thing  but  the  balance. 

Calibrate  in  the  same  manner  all  other  pipettes  in  your  desk. 

Calculate  the  volume  of  the  pipettes.  Clean  a  burette  with 
cleaning  fluid,  rinse,  fill  to  the  mark  with  distilled  water, 
empty  down  to  the  50  c.c.  mark,  and  let  drain  for  2  minutes. 
Then  adjust  the  meniscus  exactly  to  the  50  c.c.  mark  and  be 
sine  that  the  sides  of  the  burette  above  the  water  are  entirely 
free  from  drops  of  adhering  water.  Now  run  in  25  c.c.  from 
the  calibrated  pipette.  Compare  the  reading  obtained  with  the 
collect  value.  Run  in  another  25  c.c.  and  compare 

The  usefulness  of  oxalic  acid  as  a  starting  point  for  the 
preparation  of  standard  acids  and  alkalies  is  due  entirely  to 
the  fact  that  it  can  be  obtained  chemically  pure  and  in  condi¬ 
tion  suitable  for  direct  weighing.  Solutions  of  a  strong  alkali 
like  caustic  soda,  may  be  titrated,  and  by  means  of  the  latter! 
standard  solutions  of  mineral  acids  may  then  be  titrated. 

Oxalic  acid  crystallizes  with  two  molecules  of  water  The 
reagent  as  purchased  is  usually  of  the  correct  water  content 
or  most  work.  If  specially  accurate  work  is  to  be  done  it 
should  be  powdered,  run  through  a  100  mesh  sieve,  placed  in  a 
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desiccator  over  a  mixture  of  crystallized  and  anhydrous  oxalic 
acid  and  allowed  to  remain  three  hours.  Dissolve  63  g.  in  a 
liter  to  make  a  normal  solution. 

Normal  Acid  and  Alkali. — A  normal  solution  of  an  acid  is 
of  such  strength  that  one  liter  of  the  acid  will  contain  one 
gram  equivalent  to  ionizable  hydrogen  (1.008  g.).  A  liter  of 
noi  mal  hydrochloric  acid  thus  will  contain  a  weight  of  hydro¬ 
chloric  acid  gas  equal  to  its  molecular  weight,  since  this  amount, 
36.46  g.,  will  contain  the  desired  amount  of  hydrogen.  If  sul¬ 
phuric  acid  is  used,  the  amount  required  will  be  %  the  molecu¬ 
lar  weight,  since  the  formula  is  H2S04,  and  if  this  weight  were 
taken,  it  would  contain  twice  as  much  hydrogen  as  required.  A 
normal  sodium  hydroxide  solution  is  of  such  strength  that  it  will 
correspond  exactly  to  a  normal  acid  solution,  that  is,  it  will 
neutralize  an  equal  volume  of  normal  acid.  Since  one  mole¬ 
cule  of  sodium  hydroxide  will  neutralize  one  molecule  of  hy¬ 
drochloric  acid,  a  liter  of  normal  sodium  hydroxide  must  con¬ 
tain  the  same  number  of  molecules  as  a  liter  of  normal  hydro¬ 
chloric  acid.  This  result  will  be  obtained  if  the  solution  contains 
an  amount  equal  to  the  molecular  weight  of  sodium  hydroxide, 
or  40  grams,  since  40  grams  of  sodium  hydroxide  will  neu¬ 
tralize  36.46  grams  of  hydrochloric  acid.  If  barium  hydroxide 
<(vere  used,  Ba(OH)2,  then  as  was  the  case  with  sulphuric  acid, 
i/2  the  molecular  weight  should  be  contained  in  a  liter  of  solu¬ 
tion  if  it  is  to  be  exactly  normal. 

The  term  “normal”  is  used  also  in  connection  with  oxidizing 
and  reducing  agents.  Thus  in  the  estimation  of  calcium,  a 
A/100  potassium  permanganate  solution  is  used.  A  “normal” 
reducing  solution  must  yield  one  gram  equivalent  of  reducing 
hydrogen  per  liter,  and  a  normal  oxidizing  solution  must  furnish 
per  liter  enough  oxygen  to  oxidize  this  amount  of  hydrogen.  A 
normal  potassium  permanganate  solution  contains  a  weight  in 
grams  per  liter  equivalent  to  %  the  molecular  weight. 

Preparation  of  a  Standard  Alkali— A  concentrated  CO,- 
free  solution  of  sodium  hydroxide  is  prepared  by  dissolving 
granulated  NaOH  in  an  equal  weight  of  water  by  rotating  in 
a  Pyrex  flask.  When  all  is  dissolved,  transfer  to  a  bottle  which 
it  just  fills,  cover  with  a  watch  glass,  and  allow  the  carbonate 
to  settle.  This  stock  solution  (ca.  15  N )  is  titrated  with  stand¬ 
ard  oxalic  acid.  Calculate  the  amount  required  to  make  up 
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N/10  alkali  according  to  the  size  of  the  carboy  or  paraffin-lined 
iron  tank  in  which  it  is  to  be  kept. 

Measure  this  amount  into  the  container  and  add  enough  dis¬ 
tilled  water  to  make  the  volume  less  than  the  total  volume  for 
which  you  have  made  your  calculation. 

Titrate  with  phenolphthalein  as  an  indicator.  Accordingly, 
measure  5  c.c.  of  the  standard  normal  acid  into  a  clean  Erlen- 
meyer  by  means  of  a  clean  pipette.  Add  2-3  drops  of  phenol¬ 
phthalein. 

Clean  your  burette  and  rinse  with  the  solution  to  be  used 
in  it. 

Fill  the  burette  with  your  alkali,  and  titrate  the  standard 
acid.  Make  a  duplicate  titration  to  check  your  result.  The  du¬ 
plicate  titrations  should  agree  within  0.1  c.c. 

It  should  require  50  c.c.  to  neutralize  the  5  c.c.  acid.  As  you 
have  made  it  up  slightly  stronger  than  this,  it  will  require 
somewhat  less  than  50  c.c.  alkali  to  neutralize  the  5  c.c.  of  acid. 

From  the  amount  of  alkali  used  calculate  the  amount  of  dilu¬ 
tion  necessary  to  make  the  alkali  exactly  iV/10. 

Example. — Five  c.c.  N  acid  is  neutralized  by  46.4  c.c.  alkali. 
Thus  46.4  c.c.  of  alkali  contains  enough  NaOH  to  neutralize 
5  c.c.  N  acid.  To  make  the  alkali  exactly  A/10,  46.4  c.c.  should* 
be  diluted  to  50  c.c. 

Calculate  the  total  volume  of  your  alkali  and  calculate  the 
amount  of  water  necessary  to  dilute  it  to  tenth  normal  alkali. 
Add  this  amount  of  water  from  a  cylinder,  shake  well  or  agi¬ 
tate  by  bubbling  C02-free  air  through  it  and  allow  to  stand 
for  a  few  minutes. 

Rinse  out  the  burette  with  the  diluted  alkali,  and  repeat  the 
titration  against  standard  acid. 

If  your  alkali  does  not  check  with  the  standard  acid,  mark 
the  concentration  on  the  container. 

Preserve  your  tenth  normal  solution  for  future  use. 

Preparation  of  .V/10  Acid-Read  all  of  this  section  before 
egmning  your  work.  Cone,  hydrochloric  acid  is  about  10JV 
Calculate  the  amount  of  cone,  acid  required  to  make  enough  to 
flu  the  carboy  in  which  it  is  to  be  kept,  and  measure  this  amount 
of  acid  into  it.  Add  distilled  water. 
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Witli  a  clean  pipette  (see  note  “on  cleaning  glassware”) 
measuie  out  25  c.c.  of  the  aeid  into  an  Erlenmeyer  flask.  The 
pipette  may  lie  rinsed  out  once  with  the  solution  to  be  measured. 

Add  2-3  drops  of  methyl  red  as  indicator,  and  from  a  burette 
(rinsed  with  A/10  NaOH)  run  in  A/10  sodium  hydroxide.  In 
reading  the  burette,  read  the  lowest  curve  of  the  meniscus. 
Have  your  eye  on  a  level  with  the  meniscus.  If  the  acid  were 
exactly  A/10  it  would  require  exactly  25  c.c.  of  the  alkali  to 
neutralize  it.  Make  the  titration  in  duplicate.  Duplicates 
should  agree  within  0.1  c.c.  From  the  amount  of  alkali  used  in 
titration  calculate  the  dilution  necessary  to  make  the  acid  ex¬ 
actly  A/10. 

Example. — Twenty-five  c.c.  acid  used.  Amt.  A/10  alkali  to 
neutralize  the  acid  27.2  c.c.  Thus  25  c.c.  of  the  acid  used  con¬ 
tains  enough  hydrochloric  acid  to  neutralize  27.2  of  A/10 
alkali.  To  make  the  acid  exactly  A/10,  25  c.c.  must  be  diluted 
to  27.2  c.c.  or  2.2  H20  for  every  25  in  the  carboy. 

Calculate  the  total  amount  of  your  acid  and  calculate  the 
volume  of  water  necessary  to  dilute  it  to  tenth  normal  acid. 
Add  this  amount  of  water  from  a  cylinder,  and  shake  thor¬ 
oughly  or  bubble  air  through  it.  Allow  to  stand  for  a  few 
minutes,  and  repeat  the  titration  as  above. 

If  your  acid  is  still  too  strong,  correct  it  again  as  above  by 
the  addition  of  the  calculated  amount  of  water;  if  too  dilute, 
mark  the  factor  on  the  carboy. 

Preserve  your  tenth  normal  solution  for  future  use. 

Rinse  out  the  pipette  and  burette  thoroughly. 

Indicators. — Titrate  three  25  c.c.  portions  of  0.1  A  HC1 
with  0.1  A  NaOH  using  in  each  titration  one  of  the  following 
indicators : 

(a)  Bromphenol  1)1  ue. 

(b)  Phenol  red. 

(c)  Phenolphthalein. 

Repeat  the  experiment  using  0.1  A  oxalic  acid  in  place  of 
the  hydrochloric  acid. 

Repeat  the  titrations  of  hydrochloric  acid  with  the  three  in¬ 
dicators  named  above,  but  before  the  titration  add  to  each 
10  c.c.  of  2%  ammonium  sulphate  solution.  How  does  am¬ 
monium  sulphate  affect  the  accuracy  of  the  titration  of  hydro¬ 
chloric  acid  when  each  of  these  indicators  is  used? 
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In  the  final  titration  in  the  Kjelclahl  method  for  the  estima¬ 
tion  of  nitrogen,  ammonium  salts  are  present  in  the  solution. 
Which  of  .the  above  indicators  would  not  be  suitable  for  use  in 

this  titration? 

By  adding  properly  chosen  indicators  to  solutions  of  known 
pH  which  are  made  up  to  form  a  series,  it  is  possible  to  obtain 
a  series  of  graduated  tints,  each  corresponding  to  a  definite  pH. 
By  making  up  an  unknown  solution  with  the  same  amount  oi 
indicator,  it  is  possible  to  determine  its  pH  by  comparing  it 
with  the  colors  in  the  standard  tubes. 


Fig.  76. — Duboscq  colorimeter  (Bausch  and  Lomb  biological  model  with 
staTdimL1115  CUPS  f°F  the  °riginal  C°lor  of  solutions^ and gfass a“d-himati5 


Use  of  Duboscq  Colorimeter. — Remove  the  cover  and  raise 
the  cups  (the  left  one  by  loosening  the  knurled-headed  screw  and 
raising  cup  by  hand  and  tightening  the  screw,  the  right  one  by 
means  of  the  rack  and  pinion) .  If  the  verniers  do  not  read  zero, 
call  the  instructor.  Place  the  colorimeter  directly  in  front  of 
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the  center  of  the  window  and  move  the  mirror  so  that  the  two 
halves  of  the  field  in  the  eyepiece  are  white.  If  not  of  the  same 
whiteness,  move  the  colorimeter.  If  this  does  not  make  the  two 
half-fields  equal,  clean  the  plungers  and  cups.  By  raising  the 
eyepiece  m  its  sleeve,  the  line  separating  the  two  halves  may  be 
made  sharp.  Half  fill  the  left  cup  with  the  unknown  solution 
and  set  at  1  cm.  Half  fill  the  right  cup  with  the  known  solu¬ 
tion  (standard)  and  move  up  and  down  by  means  of  the  rack 
and  pinion.  See  that  there  is  no  air  bubble  beneath  either  of 
the  plungers  when  the  reading  is  made.  Air  bubbles  may  be 
removed  and  verniers  tested  at  the  same  time  after  the  cups 
are  half  filled  by  moving  the  cups  up  to  touch  the  plungers,  but 
care  must  be  used  not  to  allow  the  cups  to  overflow.  By  looking 
in  the  eyepiece,  if  a  cup  does  not  touch  the  plunger,  that  side  of 
the  field  will  be  colored.  In  making  the  calculation,  the  concen¬ 
tration  of  the  unknown  is  equal  to  the  setting  of  the  known 
divided  by  the  setting  of  the  unknown ;  therefore,  it  is  more 
convenient  to  set  the  unknown  at  1  cm.  If  the  concentration  of 
the  standard  solution  is  unity,  the  cm.  scale  becomes  direct 
reading  concentration  of  the  unknown.  Make  10  readings  and 
add  them,  merely  moving  the  decimal  point  of  the  sum  to  ob¬ 
tain  the  mean. 

In  case  an  indicator  is  put  into  a  cloudy  or  colored  unknown 
solution,  place  the  accessory  cup  filled  with  the  unknown  solu¬ 
tion  without  indicator  under  the  known  cup.  The  setting  of 
the  unknown  must  be  the  same  as  the  depth  of  the  accessory 
cup. 

Determination  of  the  pH  of  Filtered  Gastric  Contents.— 

Before  the  following  determination,  test  the  accuracy  of  the 
Duboscq  colorimeter.  Run  both  cups  up  until  they  touch  the 
plungers.  Read  both  sides  of  the  instrument.  Both  readings 
should  be  zero.  If  they  are  not,  adjust  them.  Be  careful  about 
spilling  liquid  upon  the  instrument.  In  case  any  liquid  is 
spilled  on  the  instrument,  wipe  it  off  carefully  and  immediately 

Wash  a  stomach  tube  of  narrow  bore  (2  mm.)  in  70%  alcohol 
to  sterilize  it.  Measure  the  distance  from  the  teeth  to  the 
stomach  and  mark  it  on  the  tube.  Insert  the  weighted  end 
into  the  mouth  and  drink  water  as  in  swallowing  a  pill.  Have 
a  large  beaker  ready  to  catch  gastric  contents  in  case  of  in- 
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voluntary  regurgitation.  After  the  weight  passes  the  fauces, 
in  no  case  pull  it  out.  If  nausea  develops,  wait  until  it  dis¬ 
appears,  then  continue  to  swallow  the  tube  with  the  aid  of 
small  sips  of  water.  Insert  a  25  c.c.  pipette  into  the  free  end 
of  the  tube  and  suck  full  of  stomach  contents  and  blow  con¬ 
tents  into  flask.  In  this  way  collect  as  much  as  possible.  Ti¬ 
trate  10  c.c.  with  0.1  N  NaOH  (for  free  HC1),  using  bromphenol 
blue  as  indicator. 

Filter  10-20  c.c.  of  gastric  contents  through  cotton,  measure 
10  c.c.  and  add  5  drops  of  quinaldine  red  solution, 


\/\/ 

N 

/  \ 


CH==CH=<^  ^>N  ( CH3 ) . 


c2h5 


I 


and  transfer  to  left  cup  of  the  colorimeter.  Add  5  drops  of 
quinaldine  red  to  10  c.c.  of  water  and  place  in  right  cup  of 
colorimeter.  Fill  the  accessory  cup  with  gastric  contents  and 
place  under  the  right  cup  to  compensate  for  color  and  turbidity 
and  without  allowing  an  air  bubble  in  this  cup.  Set  left  cup 
at  depth  of  the  accessory  cup.  Match  color’s.  Determine  % 
color  in  unknown  (it  is  the  same  as  %  dissociation),  read  pH 
from  table. 


%  dissociation 
pH 

%  dissociation 
pll 

%  dissociation 

pH 


2  3  4 

1  1.2  1.3 

14  20  24 

1.9  2.1  2.2 

56  61  66 

2.8  2.9  3.0 


5  6  7 

1.4  1.5  1.6 

29  34 

2.3  2.4 
71  76 

3.1  3.2 


8  9  10 

1.65  1.7  1.74 

39  44  50 

2.5  2.6  2.7 

80  91  99 

3.3  3.7  4.7 


The  Measurement  of  pH  by  the  Glass  “Electrode”  or  Half 
Cell.— Other  methods  of  measuring  pH  are  the  electrometric 
methods,  which  use  either  the  hydrogen  electrode,  the  quin- 
hydrone  electrode  or  the  glass  “electrode.”  The  simplest  and 
most  suitable  for  biological  work  is  the  glass  “electrode.”  This 
is  becoming  the  method  of  choice  in  most  biological  and  clinical 
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laboiatories.  4  he  glass  electrode  assembly  is  quite  expensive 
and  careful  technique  is  necessary  in  its  use.  • 

The  glass  concentration  chain  consists  of  a  glass  half  cell, 
a  calomel  half  cell,  a  potentiometer,  and  a  suitable  voltage 
measuring  instrument. 

The  calomel  half  cell  consists  of  a  tube  containing  mercury 
with  a  platinum  wire  sealed  through  the  glass  and  making 
electrical  contact  with  the  mercury.  The  mercury  is  covered 
with  calomel  (IlgCl)  and  is  in  contact  with  a  saturated  KC1 
solution.  The  saturated  KC1  solution  fills  the  side  arm  of  the 
calomel  half  cell  and  makes  contact  with  a  cup.  The  solution 
whose  pH  is  to  be  measured  is  placed  in  the  cup.  Into  this  solu¬ 
tion  is  placed  the  thin  glass  bulb  or  glass  electrode  proper.  In¬ 
side  the  glass  bulb  is  a  Ag-AgCl  electrode  consisting  of  a  silver 
wire  coated  with  AgCl  and  immersed  in  a  0.01  N  HC1  solution. 
This  system  behaves  as  an  electrical  battery  producing  a  voltage 
proportional  to  the  pH.  The  purpose  of  the  silver  electrode  is 
to  produce  an  electrical  connection  between  liquid  and  metal 
whose  voltage  does  not  change  with  time  or  with  passage  of 
small  electrical  currents.  The  voltage  of  this  glass  electrode 
assembly  is  measured  by  opposing  the  glass  electrode  voltage 
with  a  known  voltage  from  the  potentiometer.  The  electrical 
condenser  is  charged  by  the  voltage  difference  of  the  two  op¬ 
posing  voltages.  By  means  of  the  condenser  discharge  key  the 
electrical  charge  on  the  condenser  is  directed  into  an  ampli¬ 
fier  and  galvanometer.  If  the  condenser  is  charged  by  a  voltage 
difference,  the  galvanometer  gives  a  quick  deflection  when  the 
key  is  tapped.  If  the  two  opposing  voltages  of  potentiometer 
and  glass  electrode  are  equal,  the  condenser  receives  no  charge 
and  there  is  no  deflection  of  the  galvanometer  on  tapping  the 
key.  The  procedure  is  to  adjust  the  opposing  voltage  of  the 
potentiometer  until  the  galvanometer  does  not  deflect  when  the 
key  is  tapped.  When  this  adjustment  is  made  the  known  voltage 
of  the  potentiometer  is  equal  and  opposite  to  that  of  the  glass 
electrode  system.  Knowing  the  voltage,  the  pH  can  be  measured 
from  the  known  relation  between  pH  and  voltage.  The  ap¬ 
paratus  can  be  calibrated  by  buffers  of  known  pH  (Fig.  77) 
and  the  pH-voltage  relation  determined. 

The  actual  measurement  of  pH  with  the  glass  electrode  is 
quite  simple.  All  that  one  is  required  to  know  is  the  proper 


o 


Fig.  77, — The  fraction  neutralized  (a)  of  chloracetic,  acetic,  cacodylic  and  boric  acids  is  on  the  ordinate  and  the  pH  at  25° 
on  the  abscissa,  to  prepare  buffers  to  standardize  glass  electrodes.  (J.  L.ab.  &  Clin.  Med.  26:  572,  1940.) 
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manipulation  of  switches  and  dials  and  this  is  soon  learned. 
For  a  complete  description  of  electrometric  methods,  see  Hitch¬ 
cock’s  '•Physical  Chemistry  for  Students  of  Biology  and  Medi¬ 
cine.” 

Colloids 

Solution  and  Gelation. — Cover  a  small  amount  of  gelatin  in 
a  test  tube  with  water  and  warm.  What  happens?  Allow  to 
cool.  What  happens  ?  Repeat  the  process  once  or  twice.  Is 
the  process  reversible? 

Imbibition. — Cut  two  equal-sized  pieces  of  sheet  gelatin 
about  14  XV2  inch.  Put  one  in  a  test  tube  or  small  beaker  of 
cold  water  for  some  time.  Compare  its  size  and  weight  with  the 
piece  which  has  remained  dry. 

Dialysis. — In  a  loop  of  Visking  sausage  casing  place  some 
albumin  solution  and  some  sodium  chloride  solution.  Suspend 
the  tube  in  a  beaker  of  distilled  water  and  let  it  stand  several 
hours  or  overnight.  Test  the  water  in  the  beaker  for  chloride 
(has  the  chloride  dialyzed?),  and  for  albumin  by  acidifying 
with  a  drop  or  two  of  dilute  acetic  acid  and  boiling ;  a  cloudiness 
indicates  albumin.  Has  the  albumin  dialyzed? 

Suspensoids  and  Emulsoids. — Prepare  two  test  tubes,  one 
containing  1-2  c.c.  of  colloidal  iron  (dialyzed  iron)  the  other 
1-2  c.c.  of  albumin  solution.  To  each  add  a  drop  of  sodium 
chloride  solution.  Which  is  more  easily  precipitated  by  electro¬ 
lytes? 

Emulsoids  form  gels,  suspensoids  do  not. 

Reversibility. — Prepare  two  test  tubes  one  containing  1-2 
c.c.  dialyzed  iron,  the  other  1-2  c.c.  gelatin  solution.  Evaporate 
both  to  dryness  in  a  water-bath  or  beaker  of  boiling  water. 
When  dry,  add  water  to  each  (1-2  c.c.)  and  heat. 

Diffusion. — Prepare  a  5%  solution  of  gelatin,  by  soaking  in 
cold  water  and  then  heating.  Half  fill  four  or  five  test  tubes 
with  the  solution  and  allow  to  gel.  Pour  on  the  gel  1-2  c.c.  of 
colloidal  iron,  copper  sulphate,  Congo  red,  beet  juice  and  any 
other  colored  solution  available.  Which  are  colloids? 

Adsorption. — The  student  is  familiar  with  a  demonstration 
of  adsorption  in  the  decolorization  of  solutions  by  means  of 

charcoal. 


VOLUMETRIC  AND  COLORIMETRIC  METHODS 

Place  a  small  amount  of  dry  starch  in  a  test  tube  and  add  2-3 
c.c.  of  a  very  dilute  iodine  solution  (straw  color).  Shake  well, 
and  allow  the  starch  to  settle.  Observe  the  color  of  the  super¬ 
natant  liquid.  See  adsorption  isotherm  below. 

Osmotic  Pressure 

Determination  of  Osmotic  Pressure  by  the  Freezing  Point 
Method.— The  simplest  indirect  method  of  measuring  osmotic 
pressure  is  to  measure  the  freezing  point  of  the  solution.  Pure 
water  freezes  at  0°,  but  a  solution  freezes  at  a  lower  temperature 
than  0°.  The  osmotic  pressure  of  a  dilute  aqueous  solution  is  in¬ 
versely  proportional  to  its  freezing  point  depression.  Thus  a 
solution  whose  osmotic  pressure  is  2.24  atmospheres  freezes  at 
-0.186°,  and  with  other  solutions  A,  the  freezing  point  de¬ 
pression,  is  proportional  to  the  osmotic  pressure. 

To  measure  A,  place  the  solution  whose  osmotic  pressure  is 
to  be  measured  in  the  inner  tube  of  a  freezing  point  apparatus. 
Immerse  the  bulb  of  a  Beckmann  thermometer  in  the  solution 
and  see  that  the  stirrer  operates  freely.  An  outer  tube  of  the 
freezing  point  apparatus  is  immersed  in  a  freezing  mixture  of 
ice  and  salt.  The  inner  tube,  containing  the  solution  and 
thermometer,  is  placed  inside  the  outer  tube  which  is  in  the 
freezing  mixture.  The  solution  and  freezing  mixture  are  vig¬ 
orously  stirred  and  the  temperature  decrease  is  closely  watched. 
The  temperature  will  fall  progressively  until  freezing  occurs, 
which  is  indicated  by  a  rapid  rise  of  temperature.  The  lowest 
temperature  reached  before  freezing  is  designated  by  U°.  The 
apparent  freezing  point,  A1,  is  the  highest  value  reached  after 
the  sudden  rise.  The  true  freezing  point  can  be  computed  by 
the  formula 

A  =  A1  (1  —  IL)  Table  XXIII,  p.  346. 

Surface  Tension. — The  surface  of  a  solution  behaves  as 
though  it  were  covered  by  an  imaginary  stretched  elastic  mem¬ 
brane  which  has  a  tension  in  the  plane  of  the  surface.  If  a 
line  in  the  surface  1  cm.  long  is  considered,  the  tension  on  this 
line  in  the  surface  layer  is  the  surface  tension  and  is  expressed 

as  dynes.  The  surface  tension  of  water  at  25°  is  72  dynes 
per  cm,  • 
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Table  XXIII 

Osmotic  Pressures  in  Atmospheres  for  Depression  of  the 

Freezing  Point 


(Harris  and  Gortner) 


A 

Hundredths  of  degrees,  centigrade 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0.0 

0.000 

O.I2I 

0.24! 

0.362 

0.482 

0.603 

0.724 

0.844 

0.965 

1.085 

O.I 

1.206 

1.327 

1.447 

1.568 

1.688 

1.809 

1-930 

2.050 

2.I7I 

2.291 

0.2 

2.412 

2.532 

2.652 

2.772 

2.893 

3.014 

3-134 

3-*55 

3-375 

3  496 

0-3 

3.616 

3-737 

3-857 

3-978 

4.098 

4.219 

4-339 

4-459 

4.580 

4.700 

0.4 

4.821 

4.941 

5.062 

5.182 

5.302 

5-423 

5-543 

5.664 

5.784 

5.904 

°-5 

6.025 

6.145 

6.266 

6.386 

6.506 

6  627 

6-747 

6.867 

6.988 

7.108 

o.6 

7.229 

7-349 

7.469 

7.590 

7.710 

7-830 

7-951 

8.071 

8.191 

8.312 

0.7 

8.432 

8-552 

8.672 

8-793 

8.913 

9-033 

9.154 

9.274 

9-394 

9-514 

o.8 

9-635 

9-755 

9.875 

9-995 

10.12 

10.24 

10.36 

10.48 

10.60 

10.72 

0.9 

10.84 

10.96 

11.08 

1 1.20 

11.32 

11.44 

11.56 

11.68 

11.80 

II.92 

1.0 

12.04 

12.16 

12.28 

12.40 

12.52 

12.64 

12.76 

12.88 

13.00 

13.12 

i.i 

13.24 

I3-36 

13-48 

13.60 

13-72 

13.84 

13.96 

14.08 

14.20 

14-32 

1.2 

14.44 

14.56 

14.68 

14.80 

14-92 

15.04 

15.16 

15.28 

15.40 

15.52 

1-3 

15.64 

15.76 

15.88 

16.00 

16.12 

16.24 

16.36 

16.48 

16.60 

16.72 

1-4 

16.84 

16.96 

17.08 

17.20 

17-32 

17-44 

17.56 

17.68 

17.80 

17.92 

i-5 

18.04 

18.16 

18.28 

18.40 

18.52 

18.64 

18.76 

18.88 

19.00 

19.12 

i.6 

19.24 

19.36 

19.48 

19.60 

19.72 

19.84 

19.96 

20.08 

20.20 

20.32 

L7 

20.44 

20.56 

20.68 

20.80 

20.92 

21.04 

21.16 

21.28 

.2 1 .40 

21.52 

i.8 

21.64 

21.76 

21.88 

22.00 

22.12 

22.24 

22.36 

22.48 

22.60 

22.72 

i-9 

22.84 

22.96 

23.08 

23.20 

23-32 

23-44 

23-56 

23.68 

23.80 

23.92 

2.0 

24.04 

24.16 

24.28 

24.40 

24.52 

24.63 

24-75 

24.87 

24.99 

25.ll 

2.1 

25.23 

25-35 

25-47 

25-59 

25.71 

25-83 

2  5-95 

26.07 

26.19 

26.31 

2.2 

26.43 

26.55 

26.67 

26.79 

26.91 

27.03 

27-I5 

27.27 

27.39 

27.51 

2-3 

27.63 

27.75 

27.87 

27.99 

28.1 1 

28.23 

28.34 

28.46 

28.58 

28.70 

2.4 

28.82 

28.94 

29.06 

29.18 

29.30 

29.42 

29.54 

29.66 

29.78 

29.90 

2-5 

30.02 

30.14 

30.26 

30.38 

30.50 

30.62 

3°-74 

30.86 

30.98 

3I-09 

Surface  tension  is  simply  and  conveniently  measured  by  a 
stalagmometer,  which  is  a  modified  pipette  with  a  special  tip 
5  mm.  in  diameter.  In  measuring  surface  tension  the  fluid 
whose  surface  tension  is  to  be  measured  is  drawn  into  the  stalag¬ 
mometer  to  the  upper  mark.  The  fluid  is  then  allowed  to  run 
from  the  stalagmometer  until  the  meniscus  reaches  the  lower 
mark.  The  fluid  leaving  the  stalagmometer  breaks  into  drops 
and  the  number  of  drops  which  leave  the  tip  of  the  stalag¬ 
mometer  when  the  meniscus  falls  between  the  two  marks  is 
counted.  The  same  procedure  is  repeated  using  distilled  water, 
and  from  the  counted  number  of  drops  and  the  known  surface 
tension  of  water  the  surface  tension  of  the  unknown  can  be 
calculated.  The  calculation  is  based  on  the  following  theory. 

As  the  fluid  emerges  from  the  tip  of  the  stalagmometer,  it 
forms  a  hemisphere  which  can  be  imagined  to  be  supported  by 
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an  enclosed  membrane.  One  may  think  of  the  hemisphere  of 
fluid  as  contained  in  a  thin  bag  with  the  base  attached  to  the 
outer  margin  of  the  stalagmometer  tip  by  a  circular  attachment. 
This  circular  attachment  of  membrane  supports  the  weight  ot 
the  drop.  As  the  drop  increases  in  size,  it  becomes  heavier  and 
finally  breaks  away.  Before  the  drop  separates  the  supporting 
tension  in  the  membrane  exceeds  the  weight  of  the  drop  and  the 
drop  remains  supported.  When  the  drop  has  increased  in  size 
the  tension  of  the  membrane  is  insufficient  for  support  and  al 
the  instant  of  separation  the  downward  force  of  gravity  is  just 
equal  to  the  supporting  tension.  The  downward  force  oi 
gravity  is  vdg  where  v  is  the  volume  of  the  drop  at  the  instant 
of  separation,  d  is  its  density,  and  g  equals  980  dynes.  The 
supporting  tension  is  2  7 r  r  s  where  s  is  the  tension  in  dynes 
per  cm.  and  r  is  the  radius  of  the  stalagmometer  tip.  These 
two  forces  are  equal. 

2  7 r  r  s  —  vdg 

Let  V  be  the  volume  of  fluid  contained  between  the  two  marks 
on  the  stalagmometer.  Since  this  amount  of  fluid  breaks  up  into 
n  drops  when  it  runs  from  the  stalagmometer  and  since  each 
drop  has  a  volume  v,  then  1T  =  nv,  and  substituting  in  the 
above  equation  for  v,  2  ir  r  s  =  lr  d/n.  When  water  is  placed 
in  the  stalagmometer  and  allowed  to  flow  out  and  break  into 
drops,  the  volume  V  of  water  produces  Nw  drops.  If  Si0  is  the 
surface  tension  of  water  the  same  reasoning  as  used  above  gives 
2  71-  r  Sw  =  \  /Nw,  where  1  and  r  are  the  same  in  each  equation 
since  these  are  the  dimensions  of  the  stalagmometer.  Dividing 
one  equation  by  the  other,  the  following  formula  results 


where  S  is  the  surface  tension  of  the  fluid  measured,  Sw 
is  the  surface  tension  oi  water,  Nw  the  number  of  drops  of 
water  formed  when  the  water  of  a  volume  equal  to  V  leaves  the 
pipette,  N  a  similar  count  for  the  fluid  of  unknown  surface 
tension,  and  d  is  the  density  of  the  fluid  whose  tension  is  beiim 
measured.  It  is  assumed  that  the  density  of  water  is  1. 
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Inorganic  salts  increase  the  surface  tension  of  water  a  small 
amount.  Some  organic  substances  lower  the  surface  tension, 
particularly  fat  solvents  such  as  chloroform,  ether,  alcohols,  and 
bile  salts,  soaps,  and  saponins. 

Substances  which  lower  surface  tension  when  in  solution  are 
called  surface  active  substances.  The  ability  of  a  surface  active 
substance  to  lower  surface  tension  depends  on  the  number  of 
carbon  atoms  in  the  aliphatic  chain ;  the  longer  the  chain  the 
less  the  concentration  required  to  produce  a  definite  lowering  of 
the  surface  tension.  If  measurements  of  the  surface  tension  of 
the  alcohol  series  are  made,  having  concentrations  as  follows, 
methyl  alcohol  3  N,  ethyl  alcohol  1  N,  propyl  alcohol  %  N, 
butyl  alcohol  %  N,  it  will  be  found  that  their  solutions  each 
have  approximately  the  same  surface  tension.  This  concentra¬ 
tion  series  of  alcohols  is  called  a  Traube  series.  It  is  to  be  noted 
that  increasing  the  aliphatic  chain  by  a  CH2  group  reduces  the 
concentration  to  one-third  of  the  preceding  member  of  the  series 
for  the  same  surface  tension.  This  concentration  series  of 
alcohols, 

methyl  :  ethyl  :  propyl  :  butyl  =  1  :  %  :  (%)2  :  (%)3 
giving  the  same  surface  tensions,  also  gives  the  concentrations 
which  in  some  cases  produce  the  same  degree  of  anesthesia. 

Of  the  substances  in  the  animal  body  which  are  surface  active, 
the  bile  salts  are  the  most  effective.  A  trace  of  bile  salt  in  a 
solution  causes  a  pronounced  lowering  of  surface  tension. 

Soap  exerts  its  cleaning  action  by  breaking  up  fats  and  oils 
into  very  small  droplets  which  become  suspended  in  water. 
This  is  emulsification.  Bile  salts  may  have  a  similar  role.  Bile 
salts  produce  the  emulsification  of  food  fat  in  the  duodenum, 
making  digestion  of  fat  a  more  rapid  process.  The  action  of 
soap  and  bile  salts  in  emulsification  is  due  to  the  property  of 
lowering  interfacial  tension.  This  may  be  used  for  a  quantita¬ 
tive  determination  of  bile  salt  (see  Urine  Analysis). 

Apparatus. — Stalagmometers. 

Reagents. — 

Cleaning  fluid 

Methyl  alcohol  3  M  (121  c.c./l) 

Ethyl  alcohol  1  N  (59.3  c.c.  95%  ethyl  alcohol/1) 

Isopropyl  alcohol  0.333  M  (24.9  c.c./l) 

N  butyl  alcohol  0.111  N  (10.3  c.c./l) 
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Isoamyl  alcohol  0.037  M  (4.02  c.c./l) 

Soap  solution  1.0%  (10  c.c.  liquid  soap/1) 

Bile  salt  solution  0.1  per  cent 

Procedure. — Obtain  a  stalagmometer.  Clean  thoroughly,  first 
with  cleaning  fluid,  then  with  tap  water,  and  finally  with  dis¬ 
tilled  water.  The  stalagmometer  need  not  be  dried  but  should 
be  allowed  to  drain.  Fill  to  upper  mark  with  distilled  water, 
allow  water  to  run  in  drops  from  tip,  and  count  the  number  of 
drops,  Nw,  emerging  when  meniscus  falls  from  the  upper  to  the 
lower  mark.  Repeat  10  times  and  compute  average  number. 

Determine  the  drop  number  of  each  alcohol  solution  com¬ 
mencing  with  methyl  alcohol.  ash  stalagmometer  with  water 
between  each  set  of  three  measurements  for  each  alcohol.  Do 
not  dry  stalagmometer  between  each  series  but  draw  the  new 
fluid  into  stalagmometer  and  allow  to  drain  once,  before  a  count 
is  made. 

Determine  drop  number  of  a  1  per  cent  soap  solution  and  a 
0.1  per  cent  bile  salt  solution. 

Record  data  in  the  following  table : 

Surface  tension  of  water,  8W,  is  72  dynes  per  cm. 


Table  XXIV 


SOLUTION 

Methyl  alcohol  3  N 

Ethyl  alcohol  1  N 
Propyl  alcohol  %  N 
Butyl  alcohol  %  N 
Amyl  alcohol  1^-  N 
Soap  solution  1% 
Bile  salt  0.1  % 

NaCl  1  N 

Normal  urine 
Serum 


DROP  NO. 

1  2  3 


AVERAGE 


SURFACE 

TENSION 


Adsorption.— Adsorption  is  a  process  where  a  solute  is  re¬ 
moved  from  solution  and  deposited  on  a  surface.  Substances 
which  lower  interfacial  tension  are  adsorbed.  Adsorption  (espe¬ 
cially  chromatography)  is  of  value  in  the  purification  of  enzvmes, 
vitamins,  and  hormones.  Since  many  of  the  physiological  struc¬ 
tures  of  the  living  cell  are  colloidal  and  have  a  large  surface 
it  is  believed  that  adsorption  at  their  colloidal  surfaces  plays  a 
role  in  many  physiological  reactions. 
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The  relation  between  the  amount  of  solute  adsorbed  and  the 
concentration  of  the  solute  at  a  fixed  temperature  is  called  the 
adsorption  isotherm.  When  this  relation  is  determined  it  is 
found  that  a  much  greater  percentage  of  the  solute  is  adsorbed 
at  lower  concentrations.  It  is  the  purpose  of  this  experiment  to 
study  the  relation  of  amount  of  solute  adsorbed  from  different 
concentrations  of  a  solution. 

Charcoal  is  porous  in  structure  and  for  this  reason  possesses 
a  large  surface  favorable  for  adsorption.  Acetic  acid  is  readily 
adsorbed  from  an  aqueous  solution  onto  the  carbon  surface. 
Since  acetic  acid  in  solution  can  be  simply  and  accurately 
measured  by  titration,  the  adsorption  of  acetic  acid  on  charcoal 
is  a  useful  reaction  for  studying  the  adsorption  isotherm. 

The  relation  between  amount  of  solute  adsorbed  and  amount  of 

X 

adsorbent  (charcoal)  is  given  by  the  equation  —  =  KCn  where 

x  is  the  amount  adsorbed  (milliequivalents  of  acetic  acid),  m 
the  number  of  grams  of  adsorbent  (charcoal),  C  the  concentra¬ 
tion  of  acetic  acid  in  equilibrium  with  the  adsorbed  acetic  acid, 
and  K  and  n  are  constants  depending  on  the  adsorbent  and 
solute.  If  this  isotherm  is  plotted  graphically  x/m  would  be 
plotted  on  the  ordinate  and  C  on  the  abscissa.  A  curve  would 
be  produced.  The  equation  of  the  adsorption  isotherm  can  be 

changed  to  log  - —  =  log  K  +  n  log  C  by  taking  logarithms  of 
m 

X 

both  sides  in  the  usual  algebraic  manner.  If  log  —  is  plotted 

on  the  ordinate  and  log  C  on  the  abscissa,  a  straight  line  results 
from  which  the  constants  of  K  and  n  of  the  system  can  be  de¬ 
termined,  since  the  tangent  of  the  angle  0  =  n  and  log  K  = 
the  intercept  of  the  “curve”  on  the  ordinate. 

Reagents.—  Charcoal  Phenolphthalein  indicator 

Acetic  acid  N  Standard  NaOH  solution,  0.1  N 

Procedure. — Two  students  should  work  together.  Set  up  two 
50  c.c.  burettes.  Fill  one  burette  with  0.1  N  standard  sodium 
hydroxide  solution.  From  this  burette  run  exactly  10  c.c.  of  the 
alkaline  solution  into  a  100  c.c.  volumetric  flask.  Dilute  to  the 
mark  with  distilled  water.  This  dilute  alkaline  solution  will 
be  0.01  N.  Pour  this  0.01  N  NaOH  solution  into  the  second 
burette  and  discard  the  sodium  hydroxide  solution  remaining 
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in  the  volumetric  flask  and  use  the  flask  for  the  procedure  de¬ 
scribed  below. 

Take  4  clean  but  not  necessarily  dry  volumetric  flasks. 
Pipette  into  these  4  flasks,  respectively,  10,  4,  1,  and  0.4  c.c.  of 
normal  acetic  acid.  Dilute  to  the  mark  and  mix.  Ihe  acid 
concentrations  in  the  four  flasks  will  be  0.1  A,  0.04  A,  0.01  N, 
and  0.004  N.  The  exact  normality  can  be  determined  by  with¬ 
drawing  10  c.c.  of  the  acid  solution  from  each  flask  and  titrating 
with  the  standard  alkali,  using  phenolphthalein  as  indicator. 
The  number  of  c.c.  of  standard  alkali  to  titrate  10  c.c.  of  acid 
before  adsorption  is  xx.  Use  the  stronger  alkaline  solution  for 
titrating  the  two  strong  acid  solutions  and  the  weaker  alkaline 
solution  for  titrating  the  remaining  two  weak  acid  solutions. 
Add  the  90  c.c.  of  acid  now  remaining  in  the  volumetric  flask 
to  1  g.  of  charcoal  in  a  beaker.  The  10  c.c.  cylinder  when  filled 
without  packing  contains  1  g.  of  charcoal.  Shake  well  for  about 
five  minutes.  Filter  and  reject  the  first  5  c.c.  of  filtrate.  Take 
10  c.c.  of  filtrate  from  each  flask  and  titrate  the  unadsorbed 
acetic  acid  in  the  same  manner  as  before  adsorption.  The  num¬ 
ber  of  c.c.  of  standard  alkali  for  titration  of  10  c.c.  of  acid  after 
adsorption  is  x2.  Record  data  in  Table  XXV  where  A  is  the 
known  normality  of  the  alkali  or  acid. 


Table  XXV 


A 

Nor-  x, 
mality 


x  "V  A2 
2  ni.eq/1  m.eq/1 


.09A, 

m.eq 


.09  A2 
m.eq 


.09A,- 

.09A2  log  A, 
m.eq 


(.09  A 
09  A, 


log  K  = 


K  = 


n  = 


Directions  for  Computing  K  and  n  of  the  Adsorption  Iso¬ 
therm.  Fiom  the  titration  values  it  is  necessary  to  compute 
the  amount  of  acetic  acid  (milliequivalents)  adsorbed  by  1  g.  of 
charcoal  from  the  four  solutions  of  varying  acid  concentration. 


,  that  is,  loi 


A  “curve”  will  then  be  plotted  with  log  - 

®  '  ■  — >  -”o 

(90  A,  -  90  Aj)  or  the  amount  of  acetic  acid  adsorbed  per  gram 
charcoal  on  the  ordinate  and  the  acetic  acid  concentration 
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( milliequi valents  per  liter)  or  log  A2,  i.e.,  log  C  on  the  abscissa. 
1 10m  the  slope  of  this  curve  and  its  intercept  on  the  ordinate, 
n  and  K  can  be  computed.  A,  is  the  concentration  of  acetic 
acid  in  the  volumetric  flask  before  the  carbon  was  added.  If 
Xx  c.c.  of  A  A  sodium  hydroxide  are  required  to  titrate  10  c.c. 

of  acid,  the  normality  of  the  acid  is  equivalents  per  liter  or 
x  A 

-Jq-  1000  =  Ax  milliequivalents  per  liter,  an  equivalent  being 

1000  milliequivalents.  Similarly  after  adsorption  10  c.c.  of  acid 
is  titrated  with  x2  c.c.  of  A  N  alkali  and  the  concentration  of 

•  •  •  X  Al 

acid  in  the  solution  now  containing  carbon  is  A2  =  -y^-  1000 

milliequivalents  per  liter.  Since  the  volume  of  the  solution 
from  which  the  acetic  acid  is  absorbed  is  90  c.c.,  the  total  amount 

90 

of  acid  in  the  solution  before  adsorption  is  yyyy  or  .09  A1 

milliequivalents.  The  total  amount  of  acid  remaining  after 
adsorption  is  .09  A2  milliequivalents.  The  amount  of  acid 
adsorbed  is  the  difference  .09  (Ax  -  A2)  milliequivalents.  These 
Values  can  be  computed  and  placed  in  Table  XXV.  The 
logarithms  of  their  values  can  then  be  obtained  and  also  inserted 
in  the  table.  Make  a  graph  plotting  log  A2  on  the  abscissa  and 
log  .09  (Ax  -  A2)  on  the  ordinate.  A  straight  line  should  be  the 
result.  Find  the  intercept  of  the  straight  line  on  the  ordinate. 
This  is  log  K,  and  K  can  be  obtained  as  the  antilog  of  this  value. 
Extend  the  abscissa  and  “curve”  until  they  meet.  The  angle 
will  be  0  and  y/x  =  n. 

Why  is  it  necessary  to  reject  the  first  5  c.c.  of  filtrate  ? 

How  does  the  adsorption  process  differ  from  a  chemical  reac¬ 
tion! 

What  cell  structures  have  surfaces  at  which  adsorption  may 
take  place! 

The  Donnan  Electric  Equilibrium. — There  are  two  phases  in 
a  system  which  contains  some  “solid”  gelatin  and  water,  namely, 
the  liquid  phase  and  the  gel  phase.  NaOH  can  diffuse  into  the 
gel  and  is  freely  diffusible  through  the  water,  but  it  will  be 
found  that  there  is  more  NaOH  in  the  liquid  phase  than  in  the 
gel.  This  can  be  shown  by  testing  the  alkalinity.  The  gel  is 
less  alkaline  than  the  solution  in  contact  with  it.  This  unequa 
distribution  of  an  ion  which  can  permeate  both  phases  can  be 
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explained  by  the  Donnan  electric  equilibrium  and  occurs  only 
for  diffusible  electrolytes.  A  permeable  nonelectrolyte,  such  as 
urea,  would  be  evenly  distributed  and  have  the  same  concentra¬ 
tion  in  each  phase.  The  purpose  of  this  experiment  is  to  illus¬ 
trate  the  unequal  distribution  of  a  diffusible  electrolyte  in  two 
phases,  one  of  which  contains  a  protein. 

Reagents. — Powdered  gelatin,  5  g.  samples 
0.1  N  NaOH 

Brom thymol  blue  indicator  0.05% 

Procedure. — In  a  100  c.c.  beaker  place  5  g.  gelatin  and  50  c.c. 
of  water.  Heat  gently  and  stir  until  gelatin  melts.  Add  0.5 
c.c.  of  0.05  per  cent  bromthymol  blue  and  0.1  N  NaOH  until 
color  becomes  green.  In  another  100  c.c.  beaker  place  50  c.c. 
water,  0.5  c.c.  of  0.05  per  cent  bromthymol  blue  and  add  0.1  A 
NaOH  until  the  green  color  of  the  gelatin  solution  is  obtained. 
Allow  the  gelatin  to  solidify  and  then  pour  the  solution  from 
the  second  beaker  over  the  gel.  Allow  to  stand  24  hours  and 
note  change  in  volume  and  pH  in  each  phase  (hence  mark  level 
of  boundary). 

Immediately  after  pouring  the  liquid  over  the  gel,  the  pH 
of  each  solution  will  be  the  same.  Diffusion  of  alkali  will  now 
take  place  with  the  liquid  phase  becoming  more  alkaline  and  the 
gel  more  acid.  This  shift  of  alkali  is  due  to  the  presence  of  the 
protein  electrolyte  in  the  gel  phase  as  explained  by  the  Donnan 
theory.  Note  swelling  of  gelatin  although  osmotic  equilibrium 
is  not  obtained. 

Optical  Activity.— Carefully  read  the  discussion  of  optical 
activity  in  the  text.  The  specific  rotation  of  glucose  is  +52.5° 
at  20°  provided  the  concentration  is  not  above  15%.  With  a 
polanmeter  determine  the  rotary  power  of  the  glucose  solu¬ 
tion  furnished,  and  calculate  the  strength  of  the  solution  by 
means  of  the  following  formula: 

a  .  100 


c  =  grams  per  100  c.c. 
a  =  observed  rotation 
20° 

Md  =  specific  rotation 

1  =  length  of  observation  tube  in  decimetres 
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Record  the  observed  rotation.  By  means  of  the  formula  calcu¬ 
late  the  weight  of  glucose  per  100  c.c. 

If  the  weight  of  an  unknown  sugar  in  100  c.c.  of  solution  is 
known,  the  specific  rotation  may  be  calculated  by  observing  the 
rotation,  and  substituting  in  the  following  formula : 

r  20°  a  .  100 

w  d  “  TTT 

By  referring  to  a  table  of  specific  rotations  the  sugar  under 
investigation  may  thus  be  identified. 

Inversion  of  Saccharose. — By  boiling  with  dilute  acids 
saccharose  may  be  broken  up  into  glucose  and  fructose.  After 
ascertaining  that  the  saccharose  solution  will  not  reduce  Feh- 
ling’s,  take  another  sample  of  saccharose  solution,  acidify 
slightly  by  adding  about  1  c.c.  of  dilute  sulphuric  acid  and 
heat  on  the  water-bath  for  15  minutes.  Test  again  with 
Fehling’s  solution.  The  saccharose  will  have  been  hydrolyzed 
into  glucose  and  fructose,  and  the  liquid  should  reduce  Feh- 
ling’s  solution. 

Optical  Activity  Before  and  After  Inversion. — Determine 
the  rotation  of  the  solution  of  saccharose.  Determine  the  rota¬ 
tion  of  a  portion  of  the  same  solution  which  has  been  inverted. 
The  rotation  should  now  lie  to  the  left,  since  the  solution  contains 
equal  amounts  of  glucose  and  fructose,  and  the  latter  is  stronger 
levorotatory  than  the  former  is  dextrorotatory. 

Catalysis. — The  inversion  of  sucrose  is  catalyzed  by  IT  ions 
or  invertase.  An  example  of  catalysis  follows : 

Into  each  of  two  Erlenmeyer  flasks  introduce  5  c.c.  of  urine 
and  10  c.c.  cone.  H2S04.  To  one  add  two  or  three  crystals  of 
copper  sulphate.  Boil  both  in  the  hood  or  in  a  f  ume  flue.  \\  hicli 
clears  first  ? 

The  catalytic  action  of  enzymes  is  treated  below. 

Fermentation. — The  fermentation  test  is  useful  in  detecting 
the  presence  of  many  sugars.  Compressed  yeast  may  be  used 
immediately.  Gently  rub  up  the  yeast  with  the  sugar  solution 
to  be  tested,  making  a  homogeneous  mixture. 
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Fill  an  Einhorn  fermentation  tube  with  this  mixture.  Make 
sure  that  all  air  is  removed  from  the  tube.  When  the  tube  is 
full,  pour  out  most  of  the  liquid  from  the  bulb.  Otherwise  it 
will  overflow  in  case  fermentation  takes  place.  Label  the  tube 
with  your  name  and  the  kind  of  sugar  under  examination  and 
place* in  your  desk  until  the  next  class  period.  Remove  the 
tube  and  add  3-4  c.c.  cone,  sodium  hydroxide  from  a  pipette 
in  such  a  way  that  it  will  enter  the  upright  portion  of  the  tube. 
Be  careful  that  the  gas  in  the  tube  does  not  escape  and  that  no 
air  is  admitted.  The  alkali  will  absorb  the  C02,  and  the  liquid 
will  rise  in  the  tube. 

The  presence  of  alcohol  in  the  fermented  liquid  may  lie  shown 
by  neutralizing  and  distilling.  This  is  most  conveniently  done 
with  the  combined  material  of  the  whole  class,  the  distillation 
being  performed  by  the  laboratory  attendant.  To  about  10  c.c. 
of  the  distilled  liquid  add  5-6  drops  of  10%  sodium  hydroxide 
(no  more).  Warm  to  about  50°.  (This  point  may  be  determined 
by  feeling  the  test  tube.  Fifty  degrees  feels  hot,  but  still  can 
be  borne  by  the  hand.)  Add  iodine  solution  drop  by  drop  until 
the  liquid  has  a  faint  brown  tinge.  Allow’  the  tube  to  stand. 
Notice  odor  of  iodoform.  This  is  a  test  for  alcohol. 

Collection  of  Gastric  Juice. — On  an  empty  stomach  inject 
1  mg.  of  histamine  or  eat  half  a  slice  of  bread.  Collect  gastric 
contents.  (See  Determination  of  pYl  of  filtered  gastric  con¬ 
tents.) 

Digestive  Action  of  Gastric  Juice. — 

A  satisfactory  method  for  the  study  of  the  digestive  action 
of  gastric  ferments  on  proteins  is  the  use  of  Mett’s  tubes.  Mett’s 
method  consists  in  suspending  in  a  digestive  mixture  short 
glass  tubes  filled  with  coagulated  egg  albumin.  After  incubat¬ 
ing,  the  length  of  the  column  of  albumin  which  has  been  di¬ 
gested  is  observed,  and  the  activity  of  the  digestion  mixture 
judged  accordingly. 

Preparation  of  Mett’s  Tubes.— White  of  egg  is  beaten  to 
break  the  reticulum,  strained  through  linen  or  muslin,  and  al¬ 
lowed  to  stand  until  free  from  air  bubbles.  The  egg  white  is 
then  drawn  up  into  lengths  of  glass  tubing  having  an  inner 
bore  of  1-3  mm.  The  tubing  is  then  heated  by  steam.  Keep 
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tubes  of  coagulated  albumin  in  the  icebox,  covering  the  ends 
with  paraffin.  For  use,  the  tubes  are  cut  into  1  cm.  lengths, 
breaking  the  tube  sharply  to  obtain  an  even  edge  of  albumin. 

Anange  three  test  tubes  as  follows,  numbering  them  Nos.  1 
to  3,  and  labelling  with  your  name. 

1.  5  c.c.  distilled  water. 

2.  5  c.c.  0.2%  hydrochloric  acid. 

3.  5  c.c.  gastric  juice. 

In  each  tube  suspend  a  Mett  tube  by  means  of  a  thread 
supported  by  a  match.  The  digestion  liquid  must  have  free 
access  to  the  egg  white.  Place  in  your  desk  until  the  next 
period.  After  a  minimum  time  of  24  hours,  compare  the 
amounts  of  digestion  in  the  different  tubes  and  record  results. 

Rennin. — The  ferment  rennin,  by  some  investigators  con¬ 
sidered  to  be  identical  with  pepsin,  causes  the  clotting  of  milk 
due  to  precipitation  of  casein.  Calcium  salts  are  necessary  for 
this  process.  Prepare  two  test  tubes  each  containing  5  c.c.  of 
milk. 

1.  To  the  first  add  3  c.c.  ammonium  oxalate. 

2.  To  the  second  add  3  c.c.  distilled  water. 

Powder  a  rennin  tablet  and  add  half  of  the  powder  to  each 
tube. 

Place  the  tubes  in  water  at  40°  for  20  minutes.  What  hap¬ 
pens?  Explain.  To  the  oxalate  tube  add  3-4  drops  of  con¬ 
centrated  calcium  chloride  solution.  Explain. 

Products  of  Gastric  Digestion. — When  a  peptic  digest  has 
remained  in  the  incubator  for  some  hours,  remove  it,  boil, 
filter  and  neutralize  the  whole  of  the  filtrate.  Any  metaprotein 
will  precipitate.  Filter  if  necessary  and  saturate  with  solid 
ammonium  sulphate.  Proteoses  precipitate.  Filter  and  test 
for  peptones.  Gastric  digestion  takes  the  proteins  no  lower 
than  peptones. 

Digestive  Action  of  Trj'psin. — 

Prepare  four  test  tubes  as  follows: 

a.  5  c.c.  neutral  pancreatic  solution  (from  pancreatic  powder). 

b.  5  c.c.  neutral  pancreatic  solution  +  1  drop  saturated  so¬ 
dium  carbonate  solution. 
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c.  5  c.c.  neutral  pancreatic  solution  +  1  drop  of  10 °/o  HC1. 

d.  5  c.c.  neutral  pancreatic  solution  +  1  drop  saturated  so¬ 
dium  carbonate  solution;  boil  thoroughly  3  or  4  minutes  and 

cool. 

To  each  tube  add  a  Mett  tube  as  described  under  “Gastric 
Digestion”  and  place  in  your  desk  until  the  next  period. 

Examine  the  tubes  and  tabulate  results. 

Trypsin  acts  in  a  slightly  alkaline,  neutral,  or  even  faintly 
acid  solution.  It  is,  of  course,  destroyed  by  boiling. 

Digestion  of  Fat  by  Castor  Bean  Lipase. — Lipase  is  pre¬ 
pared  from  castor  beans  as  follows :  Remove  the  shells  from 
about  half  a  dozen  good  sized  castor  beans  (about  10  g.),  break 
or  cut  the  beans  into  small  pieces,  and  in  a  test  tube  cover  them 
with  an  alcohol-ether  mixture.  Loosely  stopper  and  allow  to 
stand  overnight.  Drain  off  the  liquid,  grind  the  beans  in  a 
mortar  and  extract  again  overnight,  using  ether.  Filter  off, 
preferably  with  suction  and  wash  the  powder  two  or  three  times 
with  small  portions  of  alcohol-ether.  This  procedure  removes 
the  fat  from  the  beans;  the  remaining  powder  contains  lipase. 
To  this  powder,  in  a  mortar  add  5  c.c.  of  0.1  N  sulphuric  acid,  5 
c.c.  of  cottonseed  oil  and  5  c.c.  of  warm  (not  hot)  water.  Grind 
up  the  mixture  so  as  to  form  an  emulsion,  cover  and  allow  to 
stand  overnight  in  a  warm  spot.  Add  50  c.c.  of  alcohol,  10  c.c. 
of  ether,  a  few  drops  of  phenolphthalein  and  titrate  with  0.5 
N  or  0.1  N  alkali.  Subtract  from  the  result  the  5  c.c.  of  0.1  N 
H2S04  originally  added.  From  this  result,  calculate  the  weight 
of  fatty  acid  (assume  it  to  be  oleic)  in  the  digested  mixture. 
(How  much  oleic  acid  would  1  liter  of  normal  oleic  contain?) 

Assume  the  specific  gravity  of  the  oil  used  to  be  0.9.  Recall 
the  equation  for  the  hydrolysis  of  a  fat  into  glycerol  and  fatty 
acids,  and  calculate  the  amount  of  fatty  acid  which  would  have 
been  produced  if  the  entire  5  c.c.  of  oil  had  been  saponified. 

What  percentage  of  the  fat  was  hydrolyzed  by  the  lipase? 

Digestion  of  Fats  by  Pancreatic  Lipase— Pancreatic  juice 
contains  a  lipase.  To  5  c.c.  milk  add  3  or  4  drops  of  phenol  red 
solution,  and  enough  sodium  carbonate  to  produce  a  red  color 
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(no  more).  Add  the  amount  of  pancreatic  powder  which  can 
be  taken  up  on  a  knife  point.  Keep  at  body  temperature  (vest 
pocket).  The  color  turns  yellow,  since  fats  are  split,  fatty 
acids  set  free,  and  the  reaction  becomes  acid.  The  bile  greatly 
favors  the  digestion  of  fats  by  pancreatic  juice. 

Oxidation-Reduction  Systems 

The  Shardinger  Reaction.— Place  5  c.c.  of  milk  into  each 
of  3  test  tubes.  Heat  tube  1  to  boiling  and  cool.  Add  to  each 
tube  1  c.c.  of  0.02%  methylene  blue  solution.  To  1  and  2  add  1 
c.c.  of  0.4%  formaldehyde  solution.  Mix  by  gentle  rotation. 
Add  1  c.c.  of  mineral  oil  to  each  of  the  3  tubes  (to  inhibit 
reoxidation  by  the  oxygen  of  the  air)  and  place  all  tubes  in  a 
water  bath  at  about  40°.  The  milk  solution  in  tube  2  should 
gradually  decolorize.  This  is  an  example  of  the  Wieland  type 
of  oxidation.  A  dehydrogenase  (xanthine  dehydrogenase)  is 
present  in  milk,  the  amount  being  roughly  correlated  with  the 
number  of  microorganisms  present.  This  dehydrogenase,  like 
all  enzymes,  is  denatured  by  heat.  The  enzyme  catalyzes  the 
transfer  of  hydrogen  from  the  hydrated  form  of  formaldehyde 
(the  hydrogen  donator)  to  methylene  blue  (the  hydrogen  ac¬ 
ceptor).  The  reduced  form  of  methylene  blue  (leueo-methylene 
blue)  is  colorless. 

HCHO  +  H20  =  HCH(OH)2 

HCH(OH)2  +  Methylene  blue  dehydrogenase 

- > 

Leueo-methylene  blue  +  HC1  +  HCOOH 

The  Action  of  Catalase. — Catalase  catalyzes  the  decomposi¬ 
tion  of  hydrogen  peroxide  to  water  and  molecular  oxygen. 
The  enzyme  is  present  in  most  cells,  but  is  especially  abundant 
in  liver. 

Place  0.5  g.  of  minced  liver  in  a  test  tube  and  add  10  c.c.  of 
water.  Add  enough  3%  hydrogen  peroxide  to  fill  the  tube. 
Invert  at  once  into  a  small  beaker  containing  water,  lowering 
the  tube  so  that  it  rests  on  the  bottom  over  the  liver.  When 
all  the  water  has  been  displaced,  remove  the  tube  and  test  the 
gas  (with  a  glowing  match)  for  oxygen. 


VOLUMETRIC  AND  COLORIMETRIC  METHODS 


350 


The  Nitroprusside  Test  for  Glutathione.— The  tripeptide, 
glutathione,  is  present  in  all  cells  of  the  body.  It  contains 
-SII  groups  which  are  capable  of  being  reversibly  oxidized 
and  reduced.  It  is  supposed  that  the  tripeptide  acts  as  a  hy¬ 
drogen  acceptor  and  donator  in  tissue  oxidations  and  reductions. 

Place  0.5  g.  of  minced  liver  in  a  test  tube,  add  a  few  c.c.  of 
saturated  ammonium  sulfate  solution,  and  shake  well.  The  am¬ 
monium  sulphate  inhibits  the  solution  of  tissue  proteins  but 
allows  solution  of  glutathione.  After  settling,  add  5  drops  of 
2%  sodium  nitroprusside  solution  and  2  c.c.  of  10%  NaOII 
solution.  The  solution  turns  purple  in  the  presence  of  gluta¬ 
thione. 

Na2Fe(CN)5N02.H20  =  Na3Fe(0  :N— S— Na)  (CN)5 
Sodium  nitroprusside  Purple  compound 

Phosphatase  Activity  and  the  Coenzyme  for  Phosphatase. — 

Phosphatase  hydrolyzes  certain  phosphoric  acid  esters,  including 
sodium  /3-glycerophosphate.  The  inorganic  phosphate  concen¬ 
tration  of  the  medium  is  thereby  increased. 

Reagents. — 

Trichloracetic  Acid  20%.  For  very  accurate  work  the  com¬ 
mercial  product  should  be  redistilled  in  vacuo. 

Hydroquinone-Bisulphite  Reagent.  Dissolve  30  g.  sodium  bi¬ 
sulphite  (NallSOg)  and  1  g.  hydroquinone  in  water  and  dilute 
to  200  c.c. 

Molybdate  Reagent.  Dissolve  20  g.  ammonia-free  molybdic 
acid  (Mo03)  with  the  aid  of  heat  in  25  c.c.  of  5  N  sodium 
hydroxide.  Cool  and  dilute  to  200  c.c.  and  filter  if  necessary. 
Transfer  to  a  large  flask  and  add  an  equal  volume  of  cone. 

sulphuric  acid,  cooling  the  flask  and  contents  under  running 
water. 

Standard  Phosphate  Solutions.  Dissolve  0.11  g.  of  highest 
purity  dry  mono-potassium  phosphate  (KH2P04)  in  water" and 
dilute  to  200  c.c.  Dilute  an  aliquot  of  the  stock  solution  10 
imes  on  the  day  it  is  to  be  used  to  give  the  working  standard 
containing  0.025  mg.  phosphorus  per  c.c. 
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Laked  Blood.  Centrifuge  defibrinated  beef  blood  until  the 
corpuscles  are  tightly  packed.  Pour  off  the  plasma  and  add  an 
equal  volume  of  1%  sodium  chloride  solution.  Stir  the  cells 
so  that  they  are  dispersed  in  the  solution.  Centrifuge  and  dis¬ 
card  the  supernatant  fluid.  Transfer  the  cells  to  a  large  flask 
and  for  each  6  c.c.  of  cells  add  18  c.c.  of  water  saturated  with 
chloroform.  This  procedure  lakes  the  corpuscles.  After  stand- 
ing  for  1  hour  centrifuge  the  mixture  and  separate  the  super¬ 
natant  liquid. 

Sodium  (3- Glycerophosphate .  Prepare  a  0.3%  solution,  ad¬ 
just  its  pH  to  7.6,  and  add  a  few  drops  of  chloroform  as  a  pre¬ 
servative. 

Chloride  Solutions.  Prepare  a  0.5  molar  magnesium  chloride, 
a  0.5  molar  calcium  chloride,  and  a  1%  sodium  chloride  solution. 

Procedure. — A  series  of  test  tubes  are  prepared  as  follows: 


Table  XXVI 


NUMBER 

OF 

TEST 

TUBES 

0.5  MOLAL 
SOLUTION  OF 

MAGNESIUM 

CHLORIDE 

C.C. 

0.5  MOLAL 
SOLUTION  OF 

CALCIUM 

CHLORIDE 

C.C. 

0.3%  SOLUTION 
OF  SODIUM 
/3-OLYCERO- 
PHOSPHATE 

C.C. 

1%  SOLU¬ 
TION  OF 

SODIUM 

CHLORIDE 

C.C. 

2 

10 

2.0 

2 

10 

2.0 

2 

0.2 

10 

1.8 

2 

0.2 

10 

1.8 

To  each  of  the  above  test  tubes  add  1  c.c.  of  the  laked  blood 
and  3  drops  of  chloroform.  Place  the  last  six  test  tubes  in  the 
incubator  for  24  hours  at  37°.  The  controls  are  contained  in 
the  first  two  test  tubes.  Immediately  after  mixing  the  contents 
of  the  control  tubes,  add  2  c.c.  of  a  20%  solution  of  trichloro¬ 
acetic  acid  to  each  test  tube  and  mix  the  contents.  Allow  the 
mixture  to  stand  15  minutes  and  filter  off  6  c.c.  into  a  narrow 
test  tube.  Place  the  filtrates  in  the  icebox  and  preserve  until 
the  contents  of  the  other  test  tubes  have  undergone  the  period 
of  incubation.  At  the  end  of  the  incubation  period  precipitate 
the  protein  from  the  solutions  contained  in  each  test  tube  bi 
the  above  procedure.  Determine  the  amount  of  inorganic  phos¬ 
phate  contained  in  6  c.c.  of  the  filtrate  taken  from  each.  Into 
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another  test  tube  place  2  c.c.  of  the  dilute  phosphate  standard, 
1.2  c.c.  trichloracetic  acid  plus  2.8  c.c.  of  water.  Introduce 
into  each  tube  1  c.c.  of  the  hydroquinone-bisulphite  reagent  and 
1  c.c.  of  molybdic  acid  reagent.  Stopper  the  tubes  with  rolls 
of  paper  and  heat  them  in  boiling  water  for  10  minutes.  Cool 
the  solutions  and  compare  the  colors  in  the  colorimeter.  Calcu¬ 
late  milligrams  of  acid  soluble  phosphorus. 


Tests  for  Vitamins 


Vitamin  A. — Dissolve  2  g.  of  cod  liver  oil  in  chloroform  to 
make  10  c.c.  (The  standard  is  made  of  U.  S.  Vitamin  Lab. 
Stand.  C  L  0  prepared  similarly.) 

Procedure. — Set  up  colorimeter  and  match  lighting.  Place 
cups  in  cup  holders  on  table.  Into  test  tube  place  0.4  c.c.  of 
unknown  C  L  0  and  chloroform;  into  a  second  test  tube  place 
0.4  c.c.  of  standard  chloroform — C  L  0.  Into  each  of  two  other 
test  tubes  place  4  c.c.  of  22%  antimony  trichloride  in  chloro¬ 
form.  Simultaneously  pour  the  antimony  solutions  into  the 
C  L  O  so  as  to  mix  as  much  as  possible.  Pour  mixture  of  un¬ 
known  into  left  colorimeter  cup  and  set  at  1  c.  and  standard 
in  right  cup,  and  match  as  quickly  as  possible. 

Vitamin  B. — Mix  7.2%  p-aminoacetophenone  with  9  volumes 
of  strong  HC1.  Add  an  equal  quantity  of  4.5%  NaN03,  keep 
ice  cold  for  10  minutes,  and  add  4  parts  of  NaN03  solution. 
Add  5  c.c.  of  this  mixture  to  69  c.c.  of  (2%  NaOH  +  2.88% 
Na2C03).  Add  vitamin  B  solution,  let  stand  until  end  of 
peiiod,  and  decant.  Dissolve  precipitate  in  1  c.c.  of  xylene. 
(Vitamin  B  may  be  freed  from  colored  impurities  by  adsorp¬ 
tion  on  permutite  and  elution  with  3.5  N  H2S04.) 

Vitamin  C. — Spurt  1  c.c.  of  blood  into  5  c.c.  of  8%  tri¬ 
chloracetic  acid  containing  2%  metaphosphoric  acid  and  centri¬ 
fuge.  Decant  and  titrate  3  c.c.  with  0.05%  2,6-dichloroben- 
zenone  mdophenol  in  a  1  c.c.  pipette  used  as  a  burette.  1  c.c. 

=  0.12  mg.  of  ascorbic  acid.  Make  dye  solution  as  late  as 
possible  and  keep  on  ice. 


Determination  of  Basal  Metabolic  Rate.-Eat  no  dinner  and 
'veigh  just  before  going  to  bed  and  again  on  arising  (before 
\  oidmg  urine) .  ‘  ‘  Silk  scales  ’  ’  are  sufficiently  accurate. 
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Table  XXVII 


INSENSIBLE  PERSPIRATION 

— 

(LOSS  OF  YVT.) 

CALORIES 

G.  PER  HR. 

PER  HR. 

14 

38 

15 

39 

16 

41 

17 

42 

18 

43 

19 

44 

20 

45 

21 

47 

22 

48 

23 

49 

24 

50 

25 

52 

2G 

53 

27 

55 

28 

56 

29 

57 

30 

59 

31 

60 

32 

61 

33 

62 

34 

64 

35 

65 

3G 

66 

37 

68 

38 

69 

39 

70 

40 

72 

41 

73 

42 

74 

43 

75 

44 

77 

45 

78 

46 

79 

47 

81 

48 

82 

49 

83 

50 

84 

51 

86 

52 

87 

53 

88 

54 

89 

55 

91 

56 

92 

57 

93 

58 

95 

CHAPTER  II 


SIMPLE  TESTS  ON  PROTEINS,  FATS  AND 
CARBOHYDRATES 

Protein  and  Amino  Acid  Reactions 

The  general  tests  for  the  detection  or  isolation  of  the  proteins 
or  amino  acids  are  divided  into  two  groups:  color  reactions 
and  precipitation  reactions. 

Color  Reactions. — 

Biuret  Test. — Prepare  two  test  tubes  each  containing  a  few 
cubic  centimeters  of  water.  To  one  test  tube  add  a  few  drops  of 
egg  albumin  solution.  To  each  tube  add  1-2  c.c.  saturated 
sodium  hydroxide  and  a  few  drops  of  copper  sulphate  solution 
which  has  been  diluted  until  it  has  only  a  faint  blue  color.  Such 
a  copper  sulphate  solution  may  be  prepared  by  adding  a  few 
drops  of  copper  sulphate  solution  to  a  half  test  tube  of  distilled 
water.  Notice  the  lavender  or  violet  color  in  the  albumin  tube, 
and  compare  it  with  the  color  of  the  control.  This  reaction  is 
very  delicate.  It  also  may  be  performed  by  adding  the  alkali 
to  the  protein  solution,  inclining  the  test  tube  slightly  and  allow¬ 
ing  the  copper  sulphate  solution  to  flow  down  the  side  of  the 
tube  so  as  to  form  a  layer  on  the  surface  of  the  liquid.  A  lav¬ 
ender  ring  forms  at  the  juncture  of  the  two  liquids.  The  biuret 
test  is  given  by  any  substance,  protein  or  otherwise,  which  con¬ 
tains  two  CONII2  groups  joined  either  directly  or  by  a  single 
carbon  or  nitrogen  atom,  and  also  by  some  other  similar  group¬ 
ings.  The  test  is  named  from  the  fact  that  it  is  given  by  biuret, 

NfLCO.NH. CONTI,,  a  substance  obtained  by  heating  urea  to 
180°. 

Repeat  the  test  but  first  add  (NH4)2S04. 

Millon’s  Reaction.— To  a  few  cubic  centimeters  of  albumin 
solution  add  2-3  (no  more)  drops  of  Millon’s  reagent  (1  pt  bv 
weight  of  Hg  dissolved  in  2  pts.  of  cone.  NHO,  and  diluted  with 
two  volumes  of  water) .  A  yellowish  or  white  precipitate  forms. 
Heat  the  solution  carefully.  The  precipitate  will  turn  pink  or 
red.  Repeat  the  test,  first  adding  sodium  chloride  solution  to  the 
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albumin  solution.  This  result  should  be  borne  in  mind  in  testing 
for  protein  in  a  liquid  containing  sodium  chloride.  Shake  up  a 
small  amount  of  dry  casein  with  water  and  apply  the  Millon 
test.  Peri  orm  the  test  on  a  dilute  solution  of  phenol.  A  beauti¬ 
ful  led  color  results.  The  reaction  is  given  by  substances  con¬ 
taining  a  hydroxyphenyl  group  —  C6H4.OH.  Most  proteins 
contain  tyrosine,  a  substance  possessing  this  grouping,  and  it 
is  because  of  the  presence  of  this  substance  that  these  proteins 
give  the  Millon  reaction.  Gelatin  does  not  give  the  test. 

Xanthoproteic  Reaction. — To  a  few  cubic  centimeters  of  egg 
albumin  solution  add  concentrated  nitric  acid.  Warm  the 
mixture  until  the  whitish  precipitate  has  dissolved.  The  solu¬ 
tion  is  yellow.  Cautiously  add  NaOH  until  the  reaction  is 
alkaline  and  observe  the  deepening  of  the  color  to  orange.  Re¬ 
peat  the  test,  using  a  small  portion  of  dry  casein.  Invert  the 
stoppered  bottle  of  concentrated  nitric  acid  slightly  so  as  to  get 
a  drop  on  the  glass  stopper.  Carefully  apply  the  stopper  mois¬ 
tened  with  nitric  acid  to  a  small  area  on  the  fingernail.  Wash 
with  soap  and  water.  Observe  the  orange  spot.  The  test  is 
due  to  the  formation  of  certain  nitrobenzene  compounds.  Most 
proteins  contain  amino  acids  which  will  respond  to  this  test. 
This  is  true  also  of  the  proteins  of  the  skin.  Tyrosine  and 
tryptophan  are  the  amino  acids  which  give  this  test. 

Hopkins-Cole  Reaction. — Mix  2-3  c.c.  of  albumin  solution 
with  an  equal  volume  of  glyoxylic  acid  solution.  Add  an  equal 
volume  of  concentrated  sulphuric  acid,  pouring  it  down  the 
inside  of  the  test  tube  so  as  to  make  a  layer  beneath  the  aqueous 
solution.  A  reddish  violet  or  purple  ring  will  develop  at  the 
juncture  of  the  two  liquids.  Shake  the  tube  gently  so  as  to  mix 
the  two  layers.  The  color  will  spread  throughout  the  entire 
solution. 

This  test  is  often  performed  by  adding  glacial  acetic  acid  in 
place  of  a  solution  of  glyoxylic  acid,  as  glyoxylic  acid  is  usually 
present  in  glacial  acetic  acid  as  an  impurity.  It  is  more  satis¬ 
factory,  however,  to  use  a  solution  of  glyoxylic  acid,  which  may 
be  prepared  by  reducing  oxalic  acid  with  sodium  amalgam  01 
magnesium.  The  reaction  is  due  to  tryptophan,  which  is  present 
in  most  proteins,  but  not  in  gelatin  or  zein. 

Hopkins-Cole  Reagent  (Benedict’s  Modification).—' Ten  grams 
of  powdered  magnesium  are  placed  in  a  large  Erlenmeyer  flask 
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and  shaken  up  with  enough  distilled  water  to  cover  liberally 
the  magnesium.  Two  hundred  fifty  cubic  centimeters  of  a 
cold  saturated  solution  of  oxalic  acid  are  now  added  slowly. 
The  reaction  proceeds  very  rapidly  and  with  the  liberation  of 
much  heat,  so  that  the  flask  should  be  cooled  under  running 
water  during  the  addition  of  the  acid.  The  contents  of  the  flask 
are  shaken  after  the  addition  of  the  last  portion  of  the  acid 
and  then  poured  upon  a  filter  to  remove  the  insoluble  magnesium 
oxalate.  A  little  wash  water  is  poured  through  the  filter,  the 
filtrate  acidified  with  acetic  acid  to  prevent  the  partial  precipita¬ 
tion  of  the  magnesium  on  long  standing,  and  made  up  to  a  liter 
with  distilled  water.  This  solution  contains  only  the  magnesium 
salt  of  glyoxylic  acid. 

Precipitation  Tests. — 

By  Heat. — Heat  about  3  c.c.  of  albumin  solution  to  boiling. 
If  no  precipitation  occurs,  add  1  drop  of  1%  acetic  acid  and  boil 
again,  repeating  the  process  until  coagulation  occurs.  Eepeat 
the  experiment,  adding  about  1  c.c.  saturated  sodium  chloride 
solution  to  the  albumin  solution.  The  presence  of  salts  is  favor¬ 
able  for  coagulation. 

If  a  color  chart  is  available,  such  as  that  of  Clark  which  gives 
the  gradation  in  color  change  for  various  indicators  through¬ 
out  the  pH  scale,  the  albumin  solution  should  be  brought  to  a 
pH  of  4.7  by  adding  dilute  acetic  acid.  This  is  the  optimum 
acidity  for  the  coagulation  of  albumin  (the  isoelectric  point). 
If  no  color  chart  is  available,  use  methyl  red  as  indicator  and 
add  acetic  acid  until  the  color  just  begins  to  become  redder. 

Proteoses,  peptones,  casein  and  a  few  other  proteins  are  not 
coagulated  by  heat.  Heat  another  portion  of  albumin  solution, 
first  adding  1-2  drops  of  concentrated  sodium  hydroxide. 

Concentrated  Mineral  Acids. — Prepare  three  test  tubes  each 
containing  a  few  cubic  centimeters  of  albumin  solution.  Add  con¬ 
centrated  sulphuric,  hydrochloric,  and  nitric  acid,  respectively, 
drop  by  drop  to  the  three  tubes,  and  record  the  results  in  each. 

Heller  Test.  Dilute  1-2  c.c.  of  albumin  solution  with  sev¬ 
eral  volumes  of  water.  To  a  few  cubic  centimeters  of  this 
dilute  solution  in  a  test  tube,  add  concentrated  nitric  acid 
carefully  from  a  pipette.  Caution.- In  taking  up  concentrated 
acids  m  a  pipette,  great  care  should  be  exercised  to  avoid  draw- 
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ing'  the  acid  into  the  mouth.  Be  sure  the  point  of  the  pipette 
is  kept  well  below  the  surface  of  the  acid,  which  should  have 
jeen  poured  into  a  clean  test  tube  before  being  drawn  up  into 
the  pipette.  Do  not  fill  the  pipette  more  than  half  full  of  acid. 

Run  the  nitric  acid  slowly  into  the  albumin  solution  from  the 
pipette,  keeping  the  point  of  the  pipette  at  the  bottom  of  the 
test  tube.  This  facilitates  the  formation  of  two  layers. 

Observe  the  cloudy  ring  at  the  junction  of  the  two  liquids. 
Performed  in  this  way,  the  test  is  known  as  the  Heller  Ring  test, 
and  is  used  to  detect  the  presence  of  protein  in  urine. 

Dilute  the  albumin  solution  used,  and  determine  the  smallest 
concentration  of  albumin  which  will  give  a  positive  Heller  test. 

Heavy  Metals. — To  small  portions  of  albumin  solution  add 
solutions  of  copper  sulphate,  mercuric  chloride  and  lead  acetate. 
Egg  white  is  used  as  an  antidote  in  cases  of  poisoning  by  “blue 
vitriol”  and  “corrosive  sublimate,”  since  it  forms  insoluble 
compounds  with  these  metal  salts  which  then  may  be  pumped 
from  the  patient ’s  stomach  with  a  stomach  pump,  or  removed  by 
vomiting.  The  salts  of  most  heavy  meals  will  precipitate  pro¬ 
teins,  in  the  same  way  as  those  tested  above. 

Acetic  Acid  and  Potassium  Ferrocyanide. — To  a  few  cubic 
centimeters  of  albumin  solution  add  5-10  drops  of  10%  acetic 
acid  and  then,  drop  by  drop,  potassium  ferrocyanide'.  A  precipi¬ 
tate  forms.  Avoid  an  excess  of  the  reagent,  as  the  precipitate 
may  be  redissolved.  This  test  is  very  delicate.  Zinc  also  will 
give  a  similar  precipitate  with  ferrocyanide,  a  fact  which  should 
be  borne  in  mind  if  the  liquid  to  be  tested  has  been  kept  in  a 
zinc-lined  can. 

Alkaloidal  Reagents. — Prepare  six  tubes  of  albumin  solution 
and  test  the  precipitating  power  of  each  of  the  following  re¬ 
agents.  Add  a  few  drops  of  the  reagent  at  a  time,  until  a 
precipitate  forms,  avoiding  excess,  as  certain  of  the  precipitates 
are  soluble  in  excess  of  the  reagent :  picric  acid,  tannic  acid  and 
trichloracetic  acid.  Acidify  the  remaining  three  tubes  with  a 
few  drops  of  dilute  hydrochloric  acid  before  making  the  tests 
with :  phosphotungstic  acid,  phosphomolybdic  acid  and  potas- 
siwn  mercuric  iodide.  An  approximate  estimation  of  the  albu¬ 
min  in  a  solution  may  be  made  by  precipitating  the  protein  in 
a  specially  graduated  tube,  called  an  Esbach  tube,  by  adding 
Esbach’s  reagent,  which  contains  picric  and  citric  acids. 
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Magnesium  Sulphate.— To  about  3  c.c.  of  blood  serum  in  a 
test  tube  add  an  equal  volume  of  water,  and  then  powdered 
magnesium  sulphate  (shaking),  until  no  more  will  dissolve. 
There  should  be  considerable  excess  salt  in  the  tube  to  insure 
saturation.  Globulins  are  thrown  down.  Filter  off  the  liquid. 
Test  the  precipitate  for  protein  by  Millon’s  reaction.  Test  a 
portion  of  the  filtrate  by  the  xanthoproteic  test,  not  forgetting 
the  addition  of  NaOH.  If  a  precipitate  forms,  what  is  it?  To 
the  remainder  of  the  filtrate  add  1-2  drops  of  dilute  acetic  acid. 
Explain. 

Ammonium  Sulphate. — Repeat  the  above,  using  solid  am¬ 
monium  sulphate  in  the  place  of  magnesium  sulphate.  A  copious 
precipitate  should  form.  Filter  and  test  filtrate  and  precipitate 
for  protein  as  above.  To  a  portion  of  the  filtrate  add  1-2  drops 
of  acetic  acid. 

Ammonium  Sulphate. — To  a  small  portion  of  blood  serum 
add  an  equal  volume  of  saturated  ammonium  sulphate  solution, 
thus  producing  a  mixture  half  saturated  with  this  salt;  this  will 
have  the  same  effect  as  saturating  with  magnesium  sulphate. 

Dialysis. — Pour  2  or  3  drops  of  blood  serum  into  a  large 
beaker  of  distilled  water.  The  cloudiness  is  due  to  the  precipi¬ 
tation  of  a  protein  (globulin)  which  is  soluble  in  the  blood  serum 
because  of  the  presence  of  certain  salts.  On  dilution  the  protein 
precipitates.  The  same  results  may  be  obtained  if  the  salts  are 
removed  by  dialysis. 


Individual  Groups — Simple  Proteins 

Albumins. — The  solution  of  egg  white,  and  also  the  blood 
serum  used  for  the  general  protein  tests  contained  both  albumins 
and  globulins.  These  two  classes  of  proteins  may  be  separated 
by  dialysis  by  saturating  with  magnesium  sulphate,  or  half 
saturating  with  ammonium  sulphate  in  neutral  solution.  Either 
method  causes  globulin  to  precipitate.  Saturating  with  mag¬ 
nesium  sulphate  will  precipitate  both  groups  if  the  solution  is 
acid.  Saturating  with  ammonium  sulphate  throws  down  both 
groups  in  neutral  solution.  Some  of  the  plant  albumins  and 
globulins  are  exceptions  to  the  above  statements. 

Preparation  of  Albumin  Crystals.— Beat  up  5  c.e.  of  white 
o  egg  to  break  the  reticulum.  Dilute  with  ten  volumes  of  water 
and  strain  through  gauze.  Add  an  equal  volume  of  saturated 
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ammonium  sulphate.  Label  with  your  name  and  leave  in  the 
icebox  until  the  next  laboratory  period.  Filter  off  the  precipi¬ 
tated  globulin  and  to  the  filtrate  add  saturated  ammonium  sul¬ 
phate  until  the  liquid  becomes  turbid.  Now  add  distilled  water 
in  very  small  portions  until  the  turbidity  has  just  disappeared. 
Add  drop  by  drop  10%  acetic  acid  saturated  with  ammonium 
sulphate  until  a  precipitate  is  obtained.  Again  place  in  the  ice¬ 
box  until  the  next  period.  On  standing,  the  precipitate,  which 
is  at  first  amorphous,  will  become  crystalline.  Examine  under 
the  microscope.  The  crystals  are  small,  and  look  much  like  sand 
grains.  If  similarly  prepared,  serum  albumin  and  lactalbumin 
may  be  crystallized. 

Coagulation  Temperature  of  Egg  Albumin  Solution. — Fill 
a  large  beaker  half  full  of  tap  water.  In  this  beaker  place  a 
smaller  beaker  or  an  Erlenmeyer  also  about  half  full  of  water. 
If  the  inner  vessel  is  not  supported  by  fitting  into  the  large 
beaker,  arrange  the  amount  of  water  in  this  inner  vessel  so  that 
it  will  not  sink  to  the  bottom  of  the  large  beaker.  Place  a  ther¬ 
mometer  and  test  tube  containing  5  c.c.  of  clear,  fresh  albumin 
solution  in  the  inner  vessel,  and  add  to  the  albumin  solution 
about  1  c.c.  of  saturated  sodium  chloride  and  a  few  drops  of  1% 
acetic  acid.  While  your  partner  carefully  warms  the  water  in 
the  outer  beaker,  observe  the  thermometer  and  the  albumin  solu¬ 
tion.  The  point  at  which  it  becomes  cloudy  is  taken  as  the  co¬ 
agulation  temperature  of  the  protein  under  examination. 

Plant  Globulins. — Globulins  are  found  in  many  plants  and 
may  be  extracted  with  dilute  salt  solutions.  An  example  of 
this  class  is  edestin,  which  may  be  prepared  by  extracting  hemp 
seed  with  5%  sodium  chloride  solution.  Hemp  seed  sterilized 
according  to  the  antinarcotic  law  cannot  be  used. 

Myosin. — This  muscle  globulin  may  be  prepared  from  the 
muscle  of  a  freshly  killed  rabbit,  by  grinding  in  a  mortar  with 
5%  MgS04,  preferably  after  washing  out  the  blood  vessels  with 
physiological  saline.  The  extract  contains  myosin  and  also  other 
proteins  from  which  it  may  be  separated  by  fractional  precipita¬ 
tion  with  MgS04.  At  50%  saturation  some  other  protein 

precipitates. 

If  the  MgS04  of  the  filtrate  is  increased  to  94%  saturation, 
myosin  is  thrown  down.  It  may  be  prepared  and  its  reactions 

studied. 
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The  solid  meat  residue  left  after  extracting  the  myosin  is 
known  as  “muscle  stroma.”  It  contains  some  coagulated 
myosin,  and  probably  members  of  other  groups.  Test  it  by  t  e 
xanthoproteic  reaction  and  Millon  s  test. 

Glutenin  and  Gliadin.— Two  students  may  work  together.  To 
about  50  g.  of  flour  add  in  small  portions  enough  water  to  make 
a  dough.  Knead  this  thoroughly  in  running  water  until  it  is 
washed  free  of  starch.  Press  out  as  much  water  as  possible  from 
the  solid  residue,  which  is  known  as  gluten.  Add  250  c.c.  of 
70%  alcohol  (prepare  this  by  diluting  185  c.c.  of  95%,  to  250 
c.c.)  and  knead  up  thoroughly  with  the  hand.  Shake  often, 
and  allow  to  stand  until  the  next  laboratory  period,  or  extract 
for  an  hour  on  the  water  bath.  Filter  off  the  gliadin  solution 
from  the  residue  which  is  mainly  glutenin.  Evaporate  the 
gliadin  solution  on  the  water  bath.  On  the  residue  make  the 
following  tests.  Test  is  solubility  in  water  and  10%  NaCl.  Try 
the  Millon  and  xanthoproteic  tests. 

Casein. — Add  1%  acetic  acid  drop  by  drop  to  skim  milk, 
stirring  and  allowing  a  short  interval  to  elapse  between  the 
addition  of  successive  drops.  Casein  flocks  out  as  a  heavy  white 
precipitate,  heaviest  at  pH  =  4.7.  Add  acid  until  the  super¬ 
natant  liquid  is  clear  or  test  the  pH  with  methyl  red  and  add 
acid  pH  =  4.7.  Filter  and  save  both  the  filtrate  and  the 
precipitate.  Dissolve  the  precipitate  in  2%  sodium  carbonate, 
and  reprecipitate  with  acetic  acid. 

Lactalbumin. — The  filtrate  from  the  casein  should  be  at  its 
isoelectric  point,  pH  4.7,  which  is  close  to  the  isoelectric  point 
of  lactalbumin.  Boil  it.  This  treatment  removes  lactalbumin 
and  lactoglobulin.  Filter  from  the  precipitate  and  test  the 
filtrate  with  Fehling’s  solution  for  sugar. 

Preparation  of  Nucleoprotein  From  the  Pancreas. _ Grind 

a  piece  of  fresh  beef  pancreas  in  the  meat  grinder,  throw  the 
pulp  into  200-300  c.c.  of  hot  water,  and  boil  for  about  ten  min¬ 
utes.  Filter  hot.  The  filtrate  will  be  pale  yellow  and  fairly 
clear.  Cool  under  the  tap,  and  acidify  with  sufficient  acetic  acid 
to  make  the  concentration  of  acid  0.5-1.0%.  The  nucleoprotein 
IS  precipitated  and  quickly  settles  to  the  bottom.  What  other 
groups  of  proteins  are  precipitated  in  this  way*  Filter  off  the 
precipitate,  suspend  it  in  200  c.c.  distilled  water,  and  add  am¬ 
monia  cautiously  until  the  precipitate  has  just  dissolved.  Re- 
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precipitate  the  nucleoprotein  with  acetic  acid  as  above.  If  a 
pure  product  is  desired,  the  process  of  dissolving  in  alkali  and 
reprecipitation  with  acid  should  be  repeated  several  times.  The 
precipitate  is  filtered  off,  washed  with  water  containing  a  few 
drops  of  acetic  acid,  and  then  with  about  50  c.c.  of  hot  alcohol  in 
small  portions  (be  careful  of  fire).  Spread  the  washed  nucleo¬ 
protein  upon  a  carefully  cleaned  spot  on  a  tile,  and  manipulate 
it  to  remove  the  alcohol. 

Nuclein.— Cover  a  small  portion  of  nucleoprotein  with  pepsin 
solution,  and  incubate  at  least  24  hours.  Note  the  undigested 
residue  of  nuclein. 

Acrolein  Test. — If  a  fat  is  heated  with  boric  acid  or  potas¬ 
sium  bisulphate,  acrolein  is  formed,  which  may  be  recognized  by 
its  sharp,  disagreeable  odor.  Heat  a  small  amount  of  lard  or 
olive  oil  with  boric  acid  or  potassium  bisulphate  in  a  dry  test 
tube.  Continue  the  heating  until  the  material  has  become  prac¬ 
tically  dry  and  note  the  penetrating  odor  of  acrolein.  Repeat 
the  test  using  a  few  drops  of  glycerol  in  place  of  the  lard.  Fats 
give  the  test  because  of  the  glycerol  which  they  contain.  Fatty 
acids  and  pure  soaps  do  not  give  the  test,  a  result  which  might 
be  expected  from  the  fact  that  they  contain  no  glycerol. 

Mucic  Acid  Test.- — To  50  c.c.  of  galactose  solution  add  10  c.c. 
concentrated  nitric  acid  and  evaporate  on  the  water  bath  to 
about  3  c.c.  or  less.  The  fluid  should  be  clear  at  this  point,  and 
a  fine  white  precipitate  of  mucic  acid  should  form. 

Orcinol  Test. — Mix  equal  volumes  (about  2  c.c.)  of  arabinose 
solution  and  concentrated  hydrochloric  acid,  add  a  few  grains 
of  orcinol  and  heat  on  the  water  bath.  In  the  presence  of  a 
pentose,  a  red  color  develops  which  gradually  passes  through 
reddish-blue  to  green.  The  color  alone  is  not  sufficient  proof  of 
the  presence  of  a  pentose.  To  confirm  the  test  it  is  necessary  to 
extract  the  liquid  with  amyl  alcohol ;  if  pentoses  are  present,  this 
extract  will  contain  the  colored  compound  which  should  show 
an  absorption  band  between  the  Fraunhofer  lines  C  and  D. 

Aniline  Acetate  Test  for  Pentoses. — Certain  aromatic  amines 
react  readily  with  furfural  to  give  intensely  colored  compounds. 
They  do  not  react  readily  with  hydroxymethyl  furfural.  By 
performing  the  test  on  a  distillate  from  an  acid  solution  or  b\ 
exposing  a  paper  moistened  with  the  mixture  to  the  fumes  liom 
such  a  boiling  solution  the  test  is  made  quite  specific.  Of  the 
reacting  compounds  only  furfural  is  volatile. 
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Aniline  Acetate  Reagent.—' To  85  c.c.  of  water  add  35  c.c. 
glacial  acetic  acid.  To  this  mixture  add  50  c.c.  aniline.  Mix 
well.  The  solution  should  be  fairly  fresh.  Prepare  a  small 
piece  of  aniline  acetate  paper  by  placing  a  few  drops  of  o0% 
aniline  acetate  solution  on  the  paper.  Allow  this  to  dry. 

Procedure—  To  1  c.c.  of  the  solution  under  investigation  add 
1  c.c.  of  cone.  HC1.  Heat  the  tube  to  boiling  and  place  a  piece 
of  the  dry  aniline  acetate  paper  over  the  mouth.  Continue 
heating  for  a  short  time.  A  cherry  red  color  will  appear  in  the 
presence  of  very  small  quantities  of  pentoses,  but  no  color  will 
appear  even  in  the  presence  of  large  quantities  of  hexoses.  Test 
the  following  solutions:  m/10  xylose,  m/10  glucose,  m/10  lac¬ 
tose,  m/10  furfural. 

Selivanov  Test  for  Ketoses. — This  test  is  based  on  the  re¬ 
action  of  resorcinol  (1,3  dihydroxybenzene)  with  1,4  hydroxy¬ 
methyl  furfural.  Hydroxymethyl  furfural  is  rapidly  produced 
from  ketohexoses  but  much  more  slowly  from  aldohexoses.  Since 
the  difference  between  the  two  groups  of  sugars  is  a  matter  of 
rate  of  reaction,  the  rapidity  of  appearance  of  the  red  color  is 
important  in  distinguishing  a  positive  test.  The  conditions  of 
the  test  must,  therefore,  be  adhered  to  rigidly  if  a  reliable  dis¬ 
tinction  is  to  be  made.  Obviously  this  test  is  not  suitable  for 
distinguishing  traces  of  ketohexoses  in  the  presence  of  large 
quantities  of  aldohexoses. 

Selivanov’ s  Reagent. — Add  3.5  c.c.  of  a  0.5%  fresh  resorcinol 
solution  to  12  c.c.  of  cone.  HC1  and  dilute  to  35  c.c.  of  distilled 
water.  Mix  well.  The  mixture  should  always  be  prepared 
just  before  using. 

P>  ocedure.  3  o  5  c.c.  of  the  mixture  add  10  drops  of  the 
solution  under  investigation  and  boil  for  less  than  20  seconds. 
A  positive  test  is  indicated  by  the  production  of  a  red  color. 
Pentoses  and  furfural  also  react  by  giving  a  green  to  blue  color. 
Test  the  following  solutions:  m/10  xylose,  m/10  glucose,  m/10 
iructose,  m/10  sucrose. 


Osazones. — 

Hamilton’s  Reagent. — To  50  c.c.  of  H20  add  10  g.  of  Na  bi¬ 
sulphite;  filter.  Prepare  a  second  solution  of  2  g.  phenyl-hv- 
razme  to  g.  sodium  acetate,  6  c.c.  glacial  acetic  acid,  and  2f 
c.c  ii  O  Mix  the  two  solutions  and  dilute  to  100  c.c.;  add  £ 
little  alcohol  from  time  to  time. 
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rocedure.  Take  2  c.c.  of  the  solution  under  investigation 
and  2  c.c.  of  the  reagent  in  a  test  tube  and  immerse  in  boiling 
water.  After  1  minute  remove  a  few  drops  from  each  tube, 
place  on  a  watch  glass,  and  set  aside  to  cool.  Continue  heating 
the  tubes  and  note  the  changes  which  take  place  and  the  time 
of  their  appearance.  (Note  that  mannose  forms  two  kinds  of 
crystals.)  At  the  end  of  30  minutes  set  the  tubes  aside  to  cool 
and  examine  the  crystals  which  form  under  the  microscope. 
Glucose  should  form  osazones  in  6  minutes  while  galactose  should 
require  30  minutes,  with  a  maximum  yield  in  two  horn’s.  Test 
the  following  solutions:  mannose,  glucose,  fructose,  galactose, 
lactose,  maltose,  all  3//10.  Glucose,  mannose  and  fructose  from 
the  same  osazones.  The  crystals  are  identified  as  follows: 


Table  XXVIII 


COLOR 

FORM 

MELTING 

POINT 

SOLUBILITY  IN 
BOILING 

WATER 

Mannose  hydrazone 

Colorless 

Rhombic 

prisms 

199-200° 

Very  soluble 

Glueosazone 

Yellow 

Fine,  sharp 
needles 

208° 

Insoluble 

Galactosazone 

Yellow 

Stout 

needles 

201° 

Very  soluble 

Maltosazone 

Light  yellow 

Fine  needles 

202-208° 

Poorly  soluble 

Lactosazone 

Yellow 

Fine,  short 
prisms 

210-212° 

Soluble 

Glycogen. — 

This  polysaccharide  may  be  obtained  from  the  liver  taken  from 
an  animal  immediately  after  death,  or  from  fresh  or  canned 
oysters.  The  material  must  be  fresh,  as  otherwise  the  glycogen 
will  have  been  broken  down  to  glucose  by  the  tissue  enzymes. 
The  liver  (or  oysters)  is  thrown  into  boiling  water  slightly 
acidulated  with  acetic  acid.  After  boiling  a  few  minutes,  the 
pieces  are  removed,  ground  in  a  mortar  with  sand,  and  returned 
to  the  water  and  boiled  for  several  minutes.  The  glycogen  solu¬ 
tion  is  then  filtered  while  hot  from  the  coagulated  protein  ma¬ 
terial. 

Test  Glycogen  Solution  With  Iodine.— Warm  gently  by  hold¬ 
ing  the  test  tube  in  a  beaker  of  water  heated  to  about  50°.  Ke- 
move  as  soon  as  the  color  disappears  and  cool  under  the  tap. 
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The  Kjeldahl  Method  for  Nitrogen  Determination  is  widely 
used  for  estimating  total  nitrogen,  although  the  micro-Kjeldahl 
method  is  more  frequently  used  for  blood.  The  various  nitrogen 
compounds  are  broken  down  by  heating  with  concentrated 
sulphuric  acid,  the  nitrogen  being  converted  into  ammonia,  and 
the  carbon  into  carbon  dioxide.  The  ammonia  is  retained  in 
the  solution  as  (NH4)2S04.  It  then  is  liberated  by  the  ad¬ 
dition  of  sodium  hydroxide  and  distilled  into  a  known  volume  of 
Y/10  hydrochloric  or  sulphuric  acid.  The  excess  of  N/ 10  acid 
is  then  determined  by  titration  and  the  amount  of  ammonia 
calculated. 

In  analyzing  urine  it  is  customary  to  use  5  c.c.,  according  to 
the  nitrogen  content.  If  the  material  is  a  solid,  1  gram  ac¬ 
curately  weighed  is  the  usual  amount,  but  if  high  in  carbon  it 
will  require  much  time. 

With  a  pipette  measure  5  c.c.  urine  into  a  500  c.c.  Kjeldahl 
flask.  Add  8-10  g.  potassium  sulphate  which  raises  the  boiling 
point,  15  c.c.  of  concentrated  II2S04  and  2  c.c.  of  5%  copper 
sulphate  which  acts  as  a  catalyser. 

Heat  the  flask  in  an  inclined  position  over  a  small  flame  until 
the  contents  become  clear  and  pale  green.  There  must  be  no 
suggestion  of  yellow  and  no  black  specks  of  unoxidized  carbon 
anywhere  in  the  liquid  or  on  the  inner  surface  of  the  flask.  If 
black  specks  are  present,  remove  the  flask  from  the  flame  and 
by  careful  shaking,  rinse  them  down.  Do  not  attempt  to  rinse 
them  down  by  adding  water. 

Note:  Injurious  fumes  of  S02  and  S03  are  given  off 
during  the  heating  in  the  Kjeldahl  analysis,  so  that  it 
should  never  be  carried  out  in  the  open  laboratory,  but 
m  a  well  drawing  hood,  or  other  arrangement  for  carrying 
off  the  fumes.  J  & 

When  digestion  is  complete,  allow  the  liquid  to  cool  and 
about  half  fill  the  flask  with  distilled  water.  The  nitrogen  now 
is  in  solution  in  the  form  of  ammonium  sulphate.  It  must  be 
set  tree  as  ammonia  and  driven  over  by  distillation  into  a  known 
volume  of  standard  aeid.j 
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Arrange  apparatus  (condenser  and  connections)  to  distill 
of't  the  ammonia  (Fig.  78).  The  most  satisfactory  receiving  flask 
is  a  Woulff  bottle.  Connect  the  delivery  end  of  the  condenser 


Pig.  78. — Apparatus  for  distilling  total  nitrogen  by  Kjeldahl  method. 


with  one  neck  of  the  Woulff  bottle  by  means  of  rubber  and  glass 
tubing,  and  a  stopper.  In  the  other  neck  of  the  W  oulff  bottle  fix 
a  stopper  through  which  passes  the  narrow  tube  of  a  OaCl2  tube. 
Charge  the  bulb  of  the  CaCl2  tube  with  glass  pearls. 
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Prepare  the  Woulff  bottle  by  running  into  it  over  the  glass 
pearls  in  the  calcium  chloride  tube,  50  c.c.  A/10  hydrochloric 
acid  measured  with  a  pipette,  ^add  2-3  drops  methyl  red  and 
connect  the  bottle  by  the  other  neck  with  the  deliver}  tube  of 
the  distilling  apparatus.  Set  the  digestion  flask  on  a  ring  over 
the  flame  and  make  sure  that  all  connections  fit  properly.  Add 
a  small  quantity  of  talcum  powder  to  prevent  irregular  boiling 
(bumping)  but  not  more  than  the  amount  that  can  be  taken  up 
on  the  tip  of  a  knife  blade.  Add  a  drop  of  methyl  red  and  then 
about  50  c.c.  of  the  stock  solution  of  NaOH  to  neutralize  the  sul¬ 
phuric  caid.  In  adding  the  alkali,  the  flask  should  be  tilted 
somewhat  and  the  sodium  hydroxide  poured  down  the  side  of  the 
tube  so  that  it  will  form  a  layer  underneath  the  acid.  This  is  to 
avoid  possible  loss  of  ammonia.  Stopper  the  flask  immediately , 
make  sure  that  the  stopper  fits  tightly,  and  rotate  the  flask 
gently  so  as  to  mix  the  contents  thoroughly.  If  the  liquid  does 
not  turn  yellow,  add  more  alkali  as  above.  As  the  alkali  de¬ 
stroys  the  indicator,  sharp  observation  is  necessary.  Distill  the 
liberated  ammonia  into  the  standard  acid.  When  about  %  of 
the  water  has  distilled  over,  remove  the  Woulff  bottle  and  test 
the  next  drop  of  distillate  for  ammonia  by  letting  it  fall  into  a 
small  beaker  containing  distilled  water  and  a  drop  of  phenol  red. 
If  the  indicator  turns  pink,  replace  the  Woulff  bottle  and  con¬ 
tinue  the  distillation  until  the  liquid  coming  over  no  longer 
contains  ammonia.  When  the  ammonia  is  all  over,  discontinue 
the  distillation,  rinse  d6wn  the  glass  pearls  with  distilled  water, 
and  ^titrate  the  excess  of  A/10  HCl^with  standard  alkali. 

Subtracting  the  amount  of  alkali  used  from  the  total  acid 
(50  c.c.)  gives  the  volume  of  acid  neutralized  by  the  ammonia. 

Multiply  this  figure  by  the  weight  of  nitrogen  in  1  c.c.  of 
A/10  ammonia  (1.401  mg.).  This  gives  the  weight  of  nitrogen 
in  5  c.c.  urine. 

In  accurate  work,  a  blank  determination  should  be  made  to 
estimate  the  amount  of  nitrogen  in  the  reagents  used. 

In  place  of  the  Woulff  bottle,  an  ordinary  flask  or  Erlen- 
meyer  may  be  used  to  receive  the  distillate.  The  delivery  tube 
then  should  dip  just  below  the  level  of  the  acid  in  the  receiver 
The  Woulff  bottle,  however,  avoids  the  danger  of  “sucking 
lack  and  also  makes  it  possible  to  interrupt  the  distillation 
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if  it  has  not  been  completed  by  the  end  of  the  class  period,  as 
the  flame  may  be  turned  out  and  the  apparatus  allowed  to  stand 
in  place  until  the  distillation  may  be  resumed. 

Titrable  Acidity  of  Urine.— ^The  amount  of  0.1  N  NaOH  solu¬ 
tion  i equired  to  neutralize  the  acids  in  one  liter  of  urine  and 
raise  the  pH  to  that  of  blood  (7.45)  is  called  the  titrable  acidity v 
of  urine.  The  titrable  acidity  varies  in  a  similar  manner  to  the 
pH.  A  low  pH  would  indicate  a  high  titrable  acidity.  Normally 
the  titrable  acidity  would  vary  from  200  to  500  c.c.  of  0.1  N 
NaOH  per  liter  of  urine.  The  titrable  acidity  would  be  low  or 
negative  on  vegetable  diets  or  after  ingestion  of  NaHC03.  It 
would  be  high  on  protein  diets  and  after  ingestion  of  acid  salts, 
such  as  NH4C1. 

\  Reagents. — 

Buffer  at  pH  7.45  0.1  N  NaOH 

Phenol  red  indicator  0.05%  0.1  N  HC1 

Procedure. — Place  25  c.c.  of  urine  in  a  200  c.c.  Erlenmeyer 
flask  and  25  c.c.  of  buffer  to  a  similar  flask.  Add  5  drops  of 
phenol  red  to  each.  Titrate  the  urine  with  0.1  N  NaOH  to  the 
color  of  the  buffer.  If  the  urine  is  already  redder  than  the 
buffer,  use  HC1  for  titration. 

c.c.  of _ N  NaOH  required  to  titrate  25  c.c.  of  urine 

is _  The  number  of  c.c.  of  0.1  N  NaOH  required  to  ti¬ 
trate  1000  c.c.  of  urine  is  t- - 

Colorimetric  Determination  of  the  pH  of  Urine.— 4-nitro-6- 
amino-guaiacol  is  an  indicator  ^which  in  solution  has  a  brown 
or  henna  color  as  a  salt  and  a  pale  yellow  color  as  an  acid.  It 
has  a  pK  value  of  6.6  and  is  a  suitable  indicator  ,forv measuring 
the  pH  of  urine.  ^  Its  most  useful  range  is  from  6  to  7.5  where 
the  color  of  the  salt  is  most  intense.  At  pH  values  lower  than 
6  the  yellow  color  of  the  acid  mixes  with  the  brown  color  of  the 
salt,  making  matching  a  standard  of  completely  dissociated 
salt  impossible  unless  yellow  light  is  used.  Correct  yellow  light 
can  be  obtained  by  placing  a  watch  glass  containing  the  in¬ 
dicator  in  0.01  N  HC1  over  the  eyepiece  of  the  colorimeter. 
This  acts  as  a  color  filter  to  equalize  the  interfering  color  of  the 
yellow  acid.  A  perfect  match  can  also  be  obtained  by  using 
monochromatic  light  outside  the  absorption  range  of  the  yellow 
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v  Normal  urine  has  a  pH  value  of  from  4.5  to  7.5.  (  The  pH  is 
lowered  by  a  protein  diet  (meat,  eggs,  fish,  cereals  including 
bread),  by  the  ingestion  of  ammonium  salts  of  strong  acids  and 
in  diabetes  mellitus.  The  pH  is  increased  on  a  vegetable  diet, 
by  the  ingestion  of  sodium  bicarbonate,  and  after  meals  during 
the  alkaline  tide. 

\  Reagents. — 4-Nitro-6-amino-guaiacol,  0.1  per  cent 
0.1  N  NaOH  solution. 

Procedure—  Set  up  a  colorimeter  and  make  the  preliminary 
adjustment  for  equal  incident  light  intensities.  Remove  the 
left  cup,  the  one  fixed  by  a  set  screw,  and  place  in  the  cup  5  c.c. 
of  urine  and  0.5  c.c.  of  0.1  per  cent  4-nitro-6-amino-guaiacol 
solution.  Fill  a  compensation  cup,  on  the  right  side,  with 
urine.  Into  the  right  flare  cup  place  5  c.c.  of  0.1  N  NaOH  and 
0.5  c.c.  4-nitro-6-amino-guaiacol  solution.  Place  these  in  colorim¬ 
eter  on  right  side.  Set  the  fixed  cup  on  the  left  side  at  the  same 
depth  as  the  compensation  cup  and  vary  the  depth  of  the  solu¬ 
tion  on  the  right  side  until  a  color  match  is  obtained.  If  yellow 
color  of  acid  interferes  (relatively  low  2>H)  place  a  watch  glass 
containing  indicator  in  0.01  N  HC1  over  eyepiece  of  colorimeter.^ 

Calculation. — The  two  solutions  are  made  up  by  placing  a 
unit  amount  of  4-nitro-6-amino-guaiacol  in  each  solution,  and 
since  each  are  made  up  to  the  same  volume,  the  concentration  of 
4-nitro-6-amino-guaiacol  is  unity  in  each.  In  the  standard 
solution  made  by  dissolving  the  dye  in  0.1  N  NaOH  all  of  the 
indicator  is  dissociated,  i.e.,  dissociation  (abbreviated  by  a)  is 
unity,  and  the  concentration  of  colored  ion  is  unity.  In  the 
urine,  due  to  the  lower  pH,  dissociation  is  not  complete  and  a 
has  a  value  between  0  and  1.  When  a  match  is  made  in  the 
colorimeter  Cx  lx  =  C8  18,  lx  is  the  solution  length  of  urine  and 
18  solution  length  of  the  standard.  Since  Cx  =  «  of  unknown 
and  Cs  =  1,  if  lx  =  1  cm.,  a  =  ]8  (  =  the  scale  reading  in  cm.). 
The  pll  can  be  determined  from  the  equation  pH  =  log 

K  +  1°^  i  _  a  ^e  relation  between  pH  and  a  is  given  in 
Table  XXIX. 


Table  XXIX 


a 

pH 

.03 

4.6 

.04 

4.8 

.05 

5.0 

.08 

5.2 

.11 

5.4 

.15 

5.6 

.19 

5.8 

.25 

6.0 

.33 

6.2 

a 

pH 

.42 

6.4 

.50 

6.6 

.58 

6.8 

.66 

7.0 

.74 

7.2 

.80 

7.4 

.85 

7.6 

.89 

7.8 

.92 

8.0 
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Chlorides  in  Urine.  Volhard  Method.-i-All  of  the  chlorides 
of  the  urine  are  precipitated  by  adding  excess  (a  known  vol¬ 
ume)  of  standard  silver  nitrate.  The  excess  silver  nitrate  then 
is  determined  by  titration  with  thiocyanate,  using  a  ferric  salt 
as  indicator.  Silver  thiocyanate  (white)  precipitates  first. 
W  hen  all  the  silver  is  precipitated,  red  ferric  thiocyanate  is 
formed. 

Solution  I 

Silver  Nitrate,  7.2653  g. 

Nitric  Acid  (concentrated),  250  c.c. 

Saturated  Solution  of  Iron-Ammonium-Alum,  50  c.c. 

Distilled  water  to  make  1000  c.c. 

Solution  II 

Potassium  thiocyanate  in  distilled  water  of  such  strength 
that  25  c.c.  are  exactly  equivalent  to  5  c.c.  of  the  silver  nitrate 
solution.  Each  c.c.  of  the  silver  nitrate  solution  is  exactly 
equivalent  to  2.5  mg.  of  sodium  chloride  and  each  c.c.  of  the 
potassium  thiocyanate  is  equivalent  to  0.5  mg.  of  sodium  chlo¬ 
ride.  j 

To  prepare  the  solution  dissolve  0.825  gram  of  potassium  thio¬ 
cyanate,  KSCN,  in  a  little  less  than  a  liter  of  water.  In  a 
small  flask  place  5  c.c.  of  the  standard  silver  nitrate  solution, 
add  water  to  make  the  total  volume  25  c.c.,  and  thoroughly 
mix  the  contents  of  the  flask.  Now  run  in  the  potassium  thio¬ 
cyanate  solution  from  a  burette  until  a  permanent  red  brown 
tinge  is  produced.  This  is  the  end  reaction  and  indicates  that 
the  last  trace  of  silver  nitrate  has  been  precipitated.  Take 
the  burette  reading  and  calculate  the  amount  of  water  neces¬ 
sary  to  use  in  diluting  the  potassium  thiocyanate  in  order  that 
25  c.c.  of  this  solution  may  be  exactly  equal  to  5  c.c.  of  the  silver 
nitrate  solution.  Make  the  dilution  and  titrate  again  to  be  cer¬ 
tain  that  the  solution  is  of  the  proper  strength. 

^  Into  a  100  c.c.  volumetric  flask  measure  accurately  with  a 
pipette  10  c.c.  urine.  Add  distilled  water  up  to  the  100  c.c. 
mark,  stopper  and  mix  thoroughly.  Pipette  5  c.c.  of  the  mix¬ 
ture  into  a  centrifuge  tube,  add  5  c.c.  of  the  silver  nitrate  solu¬ 
tion,  mix  and  centrifuge.  Pipette  5  c.c.  of  the  supernatant 
liquid  into  a  flash  or  beaker  and  titrate  the  excess  of  silver 
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with  standard  thiocyanate  to  a  permanent  faint  pink  or  red¬ 
dish  brown.  The  amount  of  thiocyanate  used  corresponds  to 
the  excess  of  silver  remaining  in  the  solution. \ 

Sulphates  in  Urine.^To  about  10  c.c.  of  urine  add  2-3  drops 
of  concentrated  HC1  and  barium  chloride  in  excess.  The  in¬ 
organic  sulphates  are  precipitated  as  barium  sulphate,  which 
will  settle  to  the  bottom  as  a  whitish  layer  on  standing. 

The  most  accurate  and  satisfactory  methods  for  estimating 
sulphates  are  gravimetric.  The  sulphates  are  precipitated  by 
adding  barium  chloride;  the  precipitate  is  collected  and  weighed. 
Inorganic  sulphates  are  estimated  directly.  Inorganic  +  ethe¬ 
real,  after  the  splitting  of  ethereal  sulphates  by  boiling  with 
hydrochloric  acid.  Total  sulphur  is  estimated  by  fusing  the 
urine  with  an  oxidizing  agent  and  determining  the  sulphates  as 
above.| 

Neubauer  has  suggested  the  following  approximate  volu¬ 
metric  method  which  serves  for  most  clinical  purposes.  Meas¬ 
ure  50  c.c.  of  urine  into  a  flask,  add  3  c.c.  pure  HC1  and  boil 
gently  for  15  minutes  to  decompose  the  ethereal  sulphates. 
From  a  burette  run  in  standard  barium  chloride  solution  (3.05% 
BaCl2.2H20  1  c.c.  =  0.01  g.  S03)  as  long  as  a  precipitate  forms, 
the  mixture  being  kept  hot.  After  running  in  the  first  3-4  c.c. 
of  barium  chloride,  allow  the  precipitate  to  settle  and  with  a 
glass  rod  remove  a  drop  of  the  liquid.  Place  it  on  a  watch  glass 
over  a  black  surface  and  add  a  few  drops  of  the  BaCl2  solution. 
If  there  is  a  precipitate,  return  the  whole  to  the  flask,  rinsing 
in  the  last  traces  with  water,  and  add  more  BaCl2.  Again  al¬ 
low  to  settle  and  test  as  before.  Proceed  until  no  more  BaS04 
is  precipitated.  Excess  of  BaCl2  must  be  avoided.  When  the 
minimal  excess  has  been  added,  a  drop  of  the  clear  fluid  re¬ 
moved  from  the  flask  will  give  only  a  cloudiness  with  a  drop  of 
dilute  H2S04.  If  more  than  a  cloudiness  appears,  excess  has 
been  added  and  the  whole  operation  must  be  repeated.  Calcu¬ 
late  the  amount  of  S03  present  in  50  c.c.  urine  and  in  the  24- 
hour  sample. 

Determination  of  Inorganic  Sulphates.— Measure  25  c.c.  of 
urine  into  a  200  c.c.  Erlenmeyer  flask.  Add  10  c.c.  of  dilute 
HC1  U  vd.  Conc,  HC1  to  4  vol.  water).  Fill  a  burette  with 
o%  barium  chloride  solution  and  place  the  beaker  containing 
the  urine  under  it  so  that  the  burette  will  deliver  on  the  side 
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(the  spout)  of  the  beaker.  Add  thus,  drop  by  drop,  10  to  15 
c.c.  of  barium  chloride.  The  contents  in  the  beaker  must  not  be 
stirred  or  gitated  to  any  degree  while  the  barium  is  added. 
If  BaS04  is  formed  too  rapidly  in  the  cold,  much  “occlusion” 
takes  place,  and,  in  addition,  the  precipitate  is  likely  to  be  so 
fine  that  it  will  pass  through  when  filtering.  After  the  beaker 
has  stood  for  10  to  30  minutes  mixing  the  contents  of  the  beaker 
will  do  no  harm  and  must  be  done  to  complete  the  precipita¬ 
tion.  Let  stand  for  1  to  24  hours,  according  to  convenience, 
before  filtering.  (The  ethereal  sulphates  are  not  hydrolyzed 
in  the  cold.) 

Prepare  an  asbestos  mat  as  follows :  Fill  the  Gooch  crucible 
with  the  freshly  shaken  asbestos  suspension  once,  ^or  at  the 
most  twice.  Pack  the  absestos  down  by  vigorous  suction  (water 
pump).  The  mat  should  be  about  1  mm.  thick.  Then  cover 
the  mat  with  a  perforated  porcelain  plate  or  with  a  layer  of 
sea  sand,  5  to  7  mm.  thick.  The  sand  should  previously  be  kept 
for  at  least  24  hours  in  contact  with  5%  hydrochloric  acid. 
Wash  the  asbestos  and  covering  with  water  and  moderate  suc¬ 
tion  until  the  filtrate  is  free  from  asbestos  particles,  and  water 
clear.  Make  as  dry  as  possible  by  suction.  Heat  very  gently 
at  first  (not  over  100°)  to  drive  off  the  steam  without  mechanical 
disturbance  of  the  mat;  then  ignite;  cool  for  15  to  20  minutes 
and  weigh.  The  same  mat  may  be  used  for  several  successive 
sulphate  determinations,  provided  adequate  care  is  taken  not 
to  disturb  the  mat  either  by  too  rapid  use  of  water  when  filter¬ 
ing  or  by  steam  during  the  heating. 

\  Transfer  the  barium  sulphate  to  the  Gooch  crucible  and  wash 
6  to  10  times  with  distilled  water.  Heat  to  dryness,  ignite,  cool 
and  weigh.  From  the  weight  of  the  BaS04  obtained,  calculate 
the  weight  of  S  in  the  volume  of  urine  used.  Calculate  the 
amount  of  S  in  the  24-hour  sample.  | 

Ethereal  Sulphates. — To  the  clear  filtrate  from  the  pre¬ 
ceding  experiment  add  about  2  c.c.  cone.  HC1  and  boil  for  some 
minutes.  Ethereal  sulphates  are  split  up  in  this  process,  and 
since  there  is  still  excess  of  barium  chloride,  a  second  “crop” 
of  barium  sulphate  is  obtained.  As  the  amount  is  small,  it 
may  not  be  seen  until  the  test  has  stood  for  a  few  minutes,  when 
the  precipitate  will  form  a  film  or  layer  of  deposit  at  the  bottom 

of  the  tube. 
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Determination  of  Total  Sulphates.— In  this  determination 
the  ethereal  sulphates  must  be  hydrolyzed  by  hydrochloric  acid 
and  heat  before  barium  chloride  is  added.  ^Transfer  25  c.c.  of 
urine  to  a  beaker,  add  about  25  c.c.  of  water  and  5  c.c.  of  con¬ 
centrated  hydrochloric  acid.  Cover  with  a  watch  glass  and 
boil  gently  for  20  to  30  minutes.  Then  dilute  to  about  100  c.c., 
heat  to  boiling,  and  with  a  pipette  add  10  c.c.  of  5%  barium 
chloride  solution.  Let  stand  for  an  hour,  or  as  much  longer 
as  may  be  convenient.  Filter,  wash,  ignite,  cool,  and  weigh, 
as  in  the  case  of  inorganic  sulphate  determination.  \ 

Calculate  the  S  and,  by  subtraction  of  the  corresponding 
values  obtained  for  inorganic  sulphates,  calculate  the  S  present 
in  the  form  of  ethereal  sulphates. 

Determination  of  Total  Sulphur.— Transfer  25  c.c.  of  urine 
to  a  porcelain  dish  (diam.  10  to  12  cm.)  ;  add  5  c.c.  of  a  solution 
containing  25%  of  copper  nitrate  and  25%  of  sodium  chloride, 
and  10%  of  ammonium  nitrate.  Evaporate  to  dryness  on  the 
water  bath.  Then  heat  over  a  flame.  The  heat  should  be  very 
moderate  at  first  and  should  then  be  gradually  increased  until 
the  dish  becomes  almost  red  hot;  continue  the  vigorous  heat¬ 
ing  for  ten  minutes  so  as  to  decompose  and  drive  off  all  of  the 
nitric  acid  fumes.  The  organic  matter,  including  the  sulphur 
compounds,  is  thus  oxidized,  but  the  sulphates  formed  do  not 
escape;  they  are  held  back  as  copper  sulphate.  The  sodium 
chloride  present  in  the  oxidizing  nitrate  mixture  serves  to  pre¬ 
vent  mechanical  losses  due  to  the  explosive  violence  with  which 
the  oxidations  are  likely  to  occur  without  the  presence  of  the  so¬ 
dium  chloride.  Allow  the  dish  to  cool.  Add  20  c.c.  of  10% 
hydrochloric  acid  and  warm  quickly.  Filter  the  dissolved  con¬ 
tents  into  a  beaker,  using  for  this  purpose  75  to  100  c.c.  of  hot 
water.  Heat  to  boiling  and  add  slowly  15  c.c.  of  5%  barium 
chloride  solution.  Let  stand  an  hour,  or  longer,  filter  on  the 
asbestos  mat,  wash,  ignite,  cool,  and  weigh.  ^ 

Calculate  the  S,  and  by  subtraction  of  the  S  found  as  total 
sulphates,  calculate  the  values  corresponding  to  the  “neutral” 
of  “unoxidized”  sulphur. 

Phosphates.— Add  1-2  c.c.  cone,  nitric  acid  and  about  2-3 
c.c.  10%  ammonium  molybdate.  Warm  carefully  until  just 
too  hot  to  be  held  in  the  hand,  and  allow  to  stand.  If  phosphates 
are  present,  a  yellow  crystalline  precipitate  of  ammonium  phos- 
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pho-molybdate  will  gradually  settle  to  the  bottom  of  the  test 
tube.  The  precipitate  may  not  form  for  some  time,  but  its  ap- 
pearance  may  often  be  hastened  by  rubbing  the  inside  of  the 
test  tube  gently  with  a  glass  rod.  If  the  precipitate  is  curdy, 
add  more  nitric  acid  and  boil  until  it  dissolves,  as  this  is  not 
the  phosphate  precipitate. 

Phosphates  in  Urine. — When  a  solution  of  disodium  phos¬ 
phate  acidified  with  acetic  acid  is  treated  with  a  solution  of 
uranium  acetate,  a  white  precipitate  of  uranium  phosphate  is 
formed.  To  determine  the  end  point,  a  drop  of  the  liquid  is 
brought  in  contact  with  a  drop  of  2%  potassium  ferrocyanide 
on  a  white  tile.  Any  excess  of  uranium  causes  a  brown  color 
to  appear. 

Dissolve  about  35  grams  of  uranium  acetate  in  1  liter  of  wa¬ 
ter  with  the  aid  of  heat  and  3-4  c.c.  of  glacial  acetic  acid.  Let 
stand  a  few  days  and  filter.  Standardize  against  a  phosphate 
solution  containing  0.005  gram  of  P205  per  cubic  centimeter. 
For  this  purpose  dissolve  14.721  grams  of  pure  air-dry  sodium 
ammonium  phosphate  (NaNH4HP04 . 4H20)  in  water  to  make 
a  liter.  To  20  c.c.  of  this  phosphate  solution  in  a  200  c.c.  beaker 
add  30  c.c.  of  water  and  5  c.c.  of  sodium  acetate  solution  (see 
below)  and  titrate  with  the  uranium  solution  to  the  correct 
end  reaction  as  indicated  in  the  method  proper.  If  exactly  20 
c.c.  of  uranium  solution  are  required,  1  c.c.  of  the  solution  is 
equivalent  to  0.005  gram  P205.  If  stronger  than  this,  dilute 
accordingly  and  check  again  by  titration. 

\  To  50  c.c.  of  urine  in  a  small  beaker,  add  5  c.c.  of  a  special 
sodium  acetate  mixture  (100  g.  sodium  acetate  dissolved  in 
800  c.c.  water  plus  100  c.c.  30%  acetic  acid  and  the  volume 
made  up  to  1  liter).  This  changes  any  acid  phosphate  into 
diacid  sodium  phosphate.  Heat  to  boiling  and  from  a  burette 
run  in  drop  by  drop  a  standard  uranium  acetate  mixture  (1  c.c. 
is  equivalent  to  0.005  g.  of  P205).  Keep  the  mixture  at  the 
boiling  point.  From  time  to  time  remove  a  drop  with  a  glass 
rod  or  dropper  and  bring  it  in  contact  with  a  drop  of  potassium 
ferrocyanide  on  a  white  tile.  If  a  glass  rod  is  used  it  should  be 
rinsed  before  replacing  it  in  the  beaker.  It  is  convenient  to 
arrange  a  tile  with  several  drops  of  ferrocyanide  before  be¬ 
ginning  the  titration.  The  first  appearance  of  brown  is  taken  as 
the  end  point.  Calculate  the  weight  of  P205  represented  by  the 
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phosphates  in  50  c.c.  of  urine,  and  from  this  the  amount  in  the 
24-hour  sample.  Calculate  what  weight  of  phosphorus  this 

represents.  N 

Ammonia.-'-To  about  10  c.c.  urine  in  a  test  tube,  add  sodium 
carbonate  until  alkaline.  Moisten  a  piece  of  red  litmus  paper 
with  distilled  water  and  hang  in  the  mouth  of  the  tube.  h 


Fig.  79. — Folin’s  apparatus  for  estimating 

A.  Wash  bottle  containing  acid. 

B.  Tall  aerometer  cylinder  containing  urine. 

C.  Bottle  containing  standard  acid. 


ammonia. 


D'  C^mChc£^  "ool.  to  prevent  any 

R  FoS.  ^sorption  tube,  to  bring:  the  air  into  ,„,,ma,e  contact  wlth  „,e 
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Folin  Air  Current  Method. — This  consists  in  measuring  a 
given  volume  of  urine  into  a  tall  cylinder  (Fig.  79,  B)  fitted 
with  a  two-hole  rubber  stopper.  Through  one  hole  passes  a 
glass  tube  reaching  to  the  bottom  of  the  cylinder  for  the  admis¬ 
sion  of  compressed  air.  Through  the  second  hole  a  glass  tube 
leads  into  a  receiving  flask  (C)  provided  with  a  Folin  absorp¬ 
tion  tube.  In  this  flask  is  placed  a  measured  volume  of  0.1  A 
acid,  and  enough  distilled  water  to  cover  the  holes  in  the  Folin 
absorption  tube.  The  ammonia  is  liberated  from  the  urine  by 
adding  solid  sodium  carbonate. 

\  Into  the  receiving  flask  measure  20  c.c.  0.1  A  acid  and  add 
two  drops  of  methyl  red.  Add  enough  distilled  water  to  cover 
well  the  bell  of  the  Folin  absorption  tube.  Into  the  tall  cylinder 
measure  25  c.c.  of  urine.  Cover  with  a  thin  layer  of  kerosene 
to  prevent  foaming.  Make  sure  that  all  connections  are  tight  j 
and  everything  in  readiness  to  start  the  air  current.  The  com¬ 
pressed  air  should  be  run  through  10%  H2S04  to  remove  pos¬ 
sible  ammonia.  ^Add  about  1  g.  of  anhydrous  sodium  carbonate 
to  the  urine  and  stopper  the  cylinder  at  once.  ^  Pass  a  fairly 
rapid  stream  of  air  through  the  apparatus,  being  careful  not 
to  blow  the  contents  of  the  cylinder  into  the  acid  bottle.  A  loose 
plug  of  cotton  may  be  introduced  in  the  path  of  the  air  passing 
from  urine  to  acid  by  including  a  calcium  chloride  tube  in  the 
circuit.  This  will  prevent  the  blowing  over  of  any  particles 
of  carbonate.  \Run  the  air  current  for  V/2  hours.  Disconnect 
the  acid  container,  rinse  and  remove  the  Folin  absorption  tube, 
and  titrate  the  remaining  acid  with  0.1  A  alkali.  \ 

Subtract  the  volume  of  alkali  used  in  titration  from  the 
original  volume  of  0.1  A  acid.  The  result  is  the  amount  of  0.1  A 
acid  neutralized  by  the  ammonia.  One  cubic  centimeter  of  0.1  A 
acid  corresponds  to  .0017  grams  of  NH3  or  .0014  grams  of  N. 

Calculate  the  amount  of  ammonia  nitrogen  in  the  24-hour 
specimen  and  also  the  per  cent  of  the  total  nitrogen  present  as 
ammonia. 

Formal  Titration. — This  method  depends  011  the  fact  that 
when  neutral  solutions  of  ammonium  salts  are  treated  with 
formaldehyde,  urotropine  (hexamethylene  tetramine)  is  formed 
and  a  definite  amount  of  free  acid  is  liberated. 

6IICHO  +  2(NH,)2S04  =  N4(CII2)6  +  2H2S04  +  6H20. 
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Measure  25  c.c.  urine  into  a  flask  and  dilute  with  5  volumes 
of  water.  Add  4  or  5  drops  of  phenolphthalein  and  5  c.c.  of  a 
saturated  solution  of  potassium  oxalate.  Titrate  with  0.1  N 

NaOH  to  a  faint  permanent  pink. 

The  formalin  solution  is  prepared  by  adding  3  volumes  of 
water,  a  few  drops  of  phenolphthalein,  and  titrating  with  0.1  N 
NaOH  to  a  faint  pink  to  neutralize  the  acid  present  in  the 
formalin  solution.  Add  30-40  c.c.  of  neutralized  formalin  to 
the  neutralized  urine.  The  color  disappears,  for  acid  is  set  free 
as  is  shown  in  the  above  equation.  Titrate  again  to  a  faint 
permanent  pink.  The  amount  of  alkali  corresponds  to  the 
amount  of  decinormal  ammonia  and  ammonium  salts  present 
in  the  urine.  Calculate  the  amount  of  ammonia  N  in  25  c.c. 
of  urine,  and  from  this  the  amount  in  your  24-hour  specimen. 

Calculate  the  per  cent  of  the  total  nitrogen  which  is  present 
as  ammonia  nitrogen. 

Colorimetric  Method  for  Determination  of  Urea  in  Urine. — 

Urease  Preparation. — Wash  about  3  g.  of  permutite  in  a  flask 
once  with  2%  acetic  acid,  then  twice  with  water;  add  5  g.  of 
fine  Jack  bean  meal  and  100  c.c.  of  15%  alcohol  (16  c.c.  of 
ordinary  alcohol  plus  84  c.c.  of  water).  Shake  gently  but  con¬ 
tinuously  for  10  to  15  minutes,  pour  on  a  large  filter  and  cover 
with  a  watch  glass.  The  filtrate  contains  practically  the  whole 
of  the  urease  and  extremely  little  of  other  materials.  The 
urease  solution  will  keep  for  about  a  week  at  room  temperature 
and  for  4  to  6  weeks  in  an  icebox. 

Buffer  Mixtures  for  Urease  Decompositions. — Mixtures  of 
Vm°no-  and  disodium-phosphates  ^ in  the  proportion  1  molecule 
of  the  former  to  2  of  the  latter,  and  in  molar  concentrations,  are 
usually  employed  to  preserve  a  substantially  neutral  reaction 
during  the  decomposition  of  urea  by  means  of  urease.  Dissolve 
69  g.  of  monosodium  phosphate  and  179  g.  of  crystallized  di- 
sodium  phosphate  in  800  c.c.  of  warm  distilled  water.  Cool  and 
dilute  to  a  volume  of  1  liter.  Preserve  with  1-2  c.c.  toluene. 

\Transfer  with  an  Ostwald  pipette  1  c.c.  of  diluted  urine  (5  c  c 
diluted  to  100  c.c.)  to  a  clean  test  tube;  add  1  or  at  the  most 

Z  of  buffer  mixture  and  1  c.c.  of  urease  solution.,  If 

est  tubes  are  used  in  which  Nesslerization  previously  has  been 
carried  out,  the  test  tubes  must  be  rinsed  carefully  with  nitric 
acid  and  then  with  water  before  using.  Otherwise' the  mercury 
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adsorbed  on  the  glass  will  interfere  with  the  action  of  the  urease. 

\  Digest  in  a  beaker  of  warm  tap  water  (40°  to  55°)  for  5  min¬ 
utes  or  at  room  temperature  for  15  minutes.  At  the  end  of  the 
digestion  period  rinse  the  contents  of  the  test  tube  into  a  100 
c.c.  volumetric  flask  and  dilute  to  a  volume  of  about  75  c.c. 

Transfer  0.5  mg.  of  N  in  the  form  of  ammonium  sulphate  to 
another  100  c.c.  volumetric  flask;  to  this  standard  add  1  c.c. 
of  urease  solution  and  dilute  to  about  75  c.c.  Then  add  with 
shaking  (with  a  cylinder)  10  c.c.  of  Nessler  solution  to  each. 
Dilute  to  volume  and  make  the  color  comparison. 

Unless  the  colorimetric  reading  is  between  0.3  and  0.7  mg.  N 
the  determination  should  be  repeated  with  1  c.c.  of  urine  so 
diluted  as  to  give  readings  coming  within  those  limits.  Calcu¬ 
late  the  total  urea-N  and  subtract  the  preformed  ammonia-N.^ 

Creatinine. — Jaffe’s  Test. — To  10  c.c.  of  urine,  add  about  1 
c.c.  picric  acid,  and  then  1-2  c.c.  of  10%  sodium  hydroxide.  Ob¬ 
serve  the  red  color.  This  test  serves  as  the  basis  for  the  quanti¬ 
tative  estimation  of  creatinine.  (See  below.) 

Creatinine. — 

A  suitable  and  convenient  “creatinine  reagent”  is  prepared 
by  adding  75  c.c.  of  10%  NaOTI  to  a  liter  of  saturated  picric 
acid  solution.  If  the  picric  acid  is  pure  and  the  alkaline  solu¬ 
tion  is  kept  away  from  the  light  and  from  dust  it  keeps  well 
for  several  days.  It  is  usually  safer,  however,  to  prepare  only 
so  much  of  the  solution  as  is  used  up  the  same  day.  For  a  single 
determination  it  is  not  worth  while  to  prepare  the  reagent; 
employ  instead  the  picric  acid  solution  and  the  alkali,  using  20 
c.c.  of  the  former  and  1.5  c.c.  of  the  latter. 

By  means  of  an  Ostwald  pipette  transfer  1  c.c.  or  2  c.c.  urine 
to  a  100  c.c.  volumetric  flask.  To  another  similar  flask  transfer 
1  c.c.  of  a  standard  creatinine  solution  (1.61  g.  of  creatinine  zinc 
chloride  dissolved  in  one  liter  of  tenth  normal  hydrochloric 
acid),  1  c.c.  of  which  contains  1  mg.  of  creatinine.  To  each  flask 
add  20  c.c.  of  picric  acid  solution,  then  add  from  a  burette  1.5 
c.c.  of  10%  NaOH  to  each,  and  let  stand  for  ten  minutes.  If 
the  alkaline  solution  is  used,  add,  with  a  cylinder,  20  c.c.  to  each 
flask.  At  the  end  of  10  minutes  dilute  to  the  mark  with  water 
and  mix.  If  creatinine  standard  is  not  available  use  0.5  N 
potassium  bichromate  solution  which  matches  the  picramic  acid 
of  2.025  mg.  creatinine  in  100  c.c.  Compare  in  colorimeter. 
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Uric  Acid. — To  a  liter  of  urine  add  25  c.c.  cone,  hydrochloric 
acid.  Allow  to  stand  in  the  icebox  overnight.  Decant  care¬ 
fully  from  the  reddish  brown  crystals  and  collect  them  on  a 
small  filter.  Examine  microscopically.  The  crystals  are  colored 
dark  brown  by  urine  pigment,  and  occur  in  a  variety  of  forms, 
lozenge  or  “gunboat”  shapes  or  thick  rods.  These  crystals  are 
not  pure  but  serve  for  a  study  of  the  reactions  of  uric  acid. 

Solubility  of  Uric  Acid.— Test  solubility  of  uric  acid  in  am¬ 
monia,  sodium  hydroxide,  and  concentrated  sulphuric  acid. 

Murexide  Test. — To  a  few  crystals  of  uric  acid  in  an  evap¬ 
orating  dish  add  2-3  drops  cone,  nitric  acid  and  evaporate  to 
dryness.  Cool  the  dish  and  add  a  drop  of  dilute  ammonia.  Ob¬ 
serve  the  red  or  purple  spot.  This  test  is  given  also  by  xanthine. 
To  distinguish  between  the  two  substances  again  evaporate  to 
dryness.  The  color  disappears  if  the  substance  is  uric  acid.  If 
it  is  xanthine,  the  red  color  persists. 

Reduction. — Boil  for  %  minute  a  few  crystals  of  uric  acid 
with  a  small  amount  of  Fehling’s  solution.  A  slight  reduction 
will  occur,  but  it  may  become  apparent  only  by  allowing  the 
cuprous  oxide  to  settle  to  the  bottom  of  the  tube.  This  should 
occur  inside  of  ten  or  fifteen  minutes  after  the  boiling  is  stopped. 
This  result  should  be  kept  in  mind  in  testing  supposed  diabetic 
urines.  The  amount  of  uric  acid  in  normal  urine  is  so  small, 
however,  that  it  will  not  reduce  Fehling’s  solution  perceptibly. 

Uric  Acid  in  Urine  (Folin). — 

Preparation  of  Standard  Uric  Acid  Solution. — Uric  acid  is 
almost  completely  insoluble  in  free  form,  and  in  the  form  of 
salts  (urates)  the  uric  acid  gradually  decomposes.  It  has, 
therefore,  been  a  matter  of  no  little  difficulty  to  find  a  suitable 
solvent  for  the  preparation  of  stable  standard  uric  acid  solu¬ 
tions.  The  stability  of  the  stock  solution  described  here  de¬ 
pends  on  the  fact  that  uric  acid  gives  soluble  addition  products 
with  formaldehyde  when  the  latter  is  present  in  a  large  excess. 
The  compounds  formed  have  properties  entirely  different  from 
those  of  free  uric  acid.  These  compounds  are  not  broken  up 
by  acids,  but  they  dissociate  to  a  certain  degree  on  diluting 
with  water,  so  that,  after  diluting,  the  whole  of  the  uric  acid 
present  gives  the  color  reaction  with  the  uric  acid  reagent  ex- 
actlv  the  same  as  does  an  equivalent  quantity  of  free  uric  acid. 

Transfer  LOO  mg.  of  uric  acid  to  a  clean  beaker.  Transfer 
with  a  cylinder  20  c.c.  of  0.5%  lithium  carbonate  solution  (sup- 
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plied)  to  another  beaker;  dilute  with  10  c.c.  of  water,  heat  to 
60°  or  70°,  and  pour  this  warm  alkali  on  the  uric  acid  and  stir 
until  the  uric  acid  is  completely  dissolved.  As  soon  as  a  clear 
solution  is  obtained,  add  10  c.c.  of  40%  formaldehyde  and  then 
2  c.c.  of  50%  acetic  acid.  Transfer  the  solution  quantitatively 
to  a  200  c.c.  volumetric  flask  and  dilute  to  volume,  mix  and 
transfer  to  a  bottle.  The  solution  contains  1  mg.  of  uric  acid 
per  cubic  centimeter.  If  a  large  volume  is  prepared,  it  should 
be  kept  in  a  series  of  well-filled  small  bottles. 


When  uric  acid  determinations  are  to  be  made,  transfer  10 
c.c.  of  the  stock  solution  to  a  100  c.c.  volumetric  flask,  dilute 
to  volume  with  water  and  mix.  Ten  cubic  centimeters  of  the 
solution  so  obtained  contains  1  mg.  of  uric  acid,  and  5  c.c.  is  a 
suitable  amount  to  use  for  each  determination.  The  diluted 
solution  keeps  for  2  weeks,  or  longer,  because  it  is  acid  in  re¬ 
action,  and  the  formalin  keeps  out  moulds. 

Preparation  of  Uric  Acid  Reagent. — Transfer  100  mg.  of 
sodium  tungstate  to  a  2  liter  flask  and  add  750  c.c.  of  distilled 
water.  Shake  until  solution  is  obtained.  A  little  white,  fine, 
insoluble  residue  remains,  due  to  presence  of  calcium.  To  the 
solution  add  80  c.c.  of  85%  phosphoric  acid,  ordinary  phosphoric 
acid  syrup.  Close  the  mouth  of  the  flask  with  a  funnel  plus 
two  watch  glasses,  one  small  and  one  large,  and  boil  gently  but 
continuously  for  two  hours.  The  color  of  the  solutions  depends 
on  how  much  organic  material  (dirt)  is  present.  If  it  is  very 
dark,  it  may  be  bleached  by  addition  of  a  few  drops  of  bromine, 
but  this  is  usually  superfluous.  Boil  for  10  to  15  minutes  more 
to  remove  the  surplus  bromine.  Cool  and  dilute  to  1  liter. 

Transfer  about  3  c.c.  of  water  and  2  to  5  c.c.  of  urine  to  a 
centrifuge  tube.  Add  3  c.c.  of  clear  acid  silver  lactate  (5  g.  of 
silver  lactate  and  5  c.c.  of  lactic  acid  plus  5  c.c.  of  10%  NaOH 
per  100  c.c.)  and  centrifuge.  Remove  the  supernatant  liquid 
as  completely  as  possible.  Transfer  5  c.c.  of  the  standard  uric 
acid  formalin  solution  to  a  100  c.c.  volumetric  flask.  To  it  add 
from  a  burette,  2  c.c.  of  15%  sodium  cyanide,  and  add  the  same 
amount  of  cyanide  to  the  silver  precipitate  in  the  centrifuge 
tube.  Stir  the  latter  until  dissolved.  Then  rinse  it  into  a  100 
c  c  flask  by  means  of  20  c.c.  of  20%  sodium  carbonate  solution 
in  a  cylinder,  and  add  5  c.c.  of  water  to  balance  that  in  the 
standard.  Add  20  c.c.  of  sodium  carbonate  solution  to  the  stand¬ 
ard,  and  then  add  with  shaking  5  c.c.  of  the  uric  acid  reagent  to 
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each  flask.  Let  stand  for  five  minutes.  At  the  end  of  this  time 
shake  a  few  seconds,  fill  up  to  the  mark  with  water  and  shake 
vigorously  for  a  few  seconds.  After  mixing  pour  out  (or  into 
test  tubes)  about  40  c.c.  from  each  flask.  This  latter  procedure 
facilitates  the  settling  of  the  sediment  and  the  subsequent  use 
of  the  clear  supernatant  solutions  for  the  color  comparison. 
The  sediment  is  extremely  heavy,  and  settles  very  rapidly,  and 
the  supernatant  solutions  are  crystal  clear. 

The  sediment  formed  in  the  reaction  is  a  sodium  salt  pro¬ 
duced  from  a  decomposition  product  of  the  surplus  uric  acid 
reagent.  The  reagent  is  very  unstable  in  solutions  sufficiently 
alkaline  to  give  the  reaction  with  uric  acid.  The  greater  part 
of  the  added  reagent  is,  therefore,  necessarily  wasted.  By  tak¬ 
ing  less  reagent  (2  or  3  c.c.)  and  by  doing  the  reaction  at  a 
volume  of  60  to  70  c.c.,  it  is  possible  to  prevent  the  formation 
of  a  precipitate  within  the  time  required  for  the  color  compari¬ 
son  ;  but  when  such  conditions  are  selected  there  is  some  danger 
of  getting  less  than  the  required  proportionate  amount  of  color 
from  solutions  having  more  uric  acid  than  the  standard. 

The  most  satisfactory  procedure  for  getting  a  fairly  good 
degree  of  proportionality  without  precipitate  formation  is  as 
follows : 


v  Transfer  3  c.c.  of  water  and  1  to  5  c.c.  of  urine  to  a  centri¬ 
fuge  tube.  Add  3  c.c.  of  the  acid  silver  lactate  solution,  centri¬ 
fuge,  and  decant.  Transfer  5  c.c.  of  the  standard  uric  acid 
solution  to  a  100  c.c.  flask,  add  1  c.c.  of  15%  sodium  cyanide 
to  it  and  to  the  silver  precipitate.  When  the  latter  has  dis¬ 
solved,  rinse  it  by  means  of  50  c.c.  water  (from  a  cylinder) 
into  a  100  c.c.  volumetric  flask.  Add  45  c.c.  of  water  to  the 
standaid;  then  add  first  15  c.c.  of  20%  sodium  carbonate  and 
2  c.c.  of  20%  lithium  sfulphate  solution,  and  finally  add,  with 
shaking,  3  c.c.  of  the  uric  acid  reagent  to  each.  Let  stand  4 
minutes,  dilute  to  volume,  mix,  and  make  the  color  comparison.  \ 
As  turbidity  would  interfere  with  the  detection  of  small 
amounts  of  proteins,  centrifuge  the  urine  before  testing. 


Albumins  and  Globulins. 

Heat  Test— The  heat  test  should  be  made  in  acid  solution 
as  only  a  weak  acid  solution  will  the  proteins  coagulate  prop’ 
eily  on  boiling.  The  urine  should  be  tested  with  methyl  red  and 
acidified  ,f  necessary  with  0.5%  acetic  acid  or  add  a  few  drops 
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of  dilute  (0.5%)  acetic  acid  to  insure  coagulation  of  proteins 
possibly  present.  Add  an  equal  volume  of  10%  NaCl  to  pre¬ 
vent  precipitation  of  nucleoproteins. 

Boil  a  few  cubic  centimeters  of  acidified  urine  plus  NaCl.  If 
no  precipitate  forms,  albumin  and  globulin  are  absent.  If  it 
becomes  cloudy  or  a  precipitate  forms,  albumin  or  globulin  is 
present. 

Quantitative  Estimation  (Approximate). — Pour  the  urine 
into  an  Esbach  tube  up  to  the  mark  “urine”  or  U.  Add 
Esbach’s  reagent  (2%  citric  acid,  1%  picric  acid)  to  the  mark 
reagent  ’  ’  or  R,  close  the  tube  carefully  with  a  stopper  and 
invert  several  times  until  the  fluids  are  well  mixed.  Allow  the 
tube  to  stand  24  hours.  Read  on  the  scale  the  amount  of  the 
precipitate.  The  scale  corresponds  to  grams  protein  per  1000 
c.c.  of  urine  A 

Although  this  method  gives  only  approximate  results,  it  is 
usually  sufficient  for  clinical  purposes. 

Serum  Globulin  Differentiation. — Make  a  few  cubic  centi¬ 
meters  of  clear  urine  alkaline  with  ammonia.  Filter  off  the 
precipitated  phosphates.  Neutralize  the  filtrate  with  acetic 
acid  and  treat  with  an  equal  volume  of  saturated  ammonium 
sulphate  solution.  Globulin,  if  present,  will  be  thrown  down. 
If  the  urine  is  rich  in  urates  they  may  be  precipitated  but  imp’ 
be  recognized  with  the  microscope  or  by  the  murexide  test. 

Nucleoprotein. — After  ascertaining  that  the  clear  urine  does 
not  coagulate  upon  heating,  dilute  a  small  amount  with  water 
in  equal  quantities,  to  prevent  the  precipitation  of  uric  acid 
and  to  reduce  the  solvent  action  of  the  salts  upon  the  nucleo¬ 
protein.  Add  acetic  acid  drop  by  drop.  Nucleoprotein,  if 
present,  will  be  precipitated. 

Nucleoproteins  are  often  present  in  large  quantities  in  var¬ 
ious  forms  of  proteinuria,  such  as  physiological  proteinuria 
(occurring  at  times  in  healthy  individuals  after  excessive  exei- 
'tion),  orthostatic  proteinuria  (a  form  in  which  the  protein 
disappears  from  the  urine  if  the  patient  is  kept  lying  down), 
and  lordotic  proteinuria  (a  form  accompanying  lordosis,  a 
variety  of  spinal  curvature). 

It  should  be  borne  in  mind,  however,  that  the  nucleoprotein 
may  have  its  origin  from  disintegrated  cells,  which  may  be  pres¬ 
ent  in  large  amount. 
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Urinary  Indoxyl — H.,S04  is  usually,  but  not  always,  present. 
It  is  formed  from  the  products  of  protein  putrefaction  in  the 
intestine.  To  15-20  c.c.  urine  in  a  test  tube  add  2  c.e.  copper 
sulphate  solution,  15  or  20  c.c.  cone.  HC1  and  5  c.c.  CC14.  Close 
the  mouth  of  the  tube  with  the  thumb  and  shake  cautiously 
(over  the  sink).  Continue  the  shaking  for  several  minutes. 
The  indoxyl  is  oxidized  to  indigo,  which  dissolves  in  the  CC14, 
giving  it  a  blue  color.  The  depth  of  color  developed  in  the  CC14 
indicates  roughly  the  amount  of  indoxyl-H2S04  present. 

Determination  of  Bile  Salts.  Gregory  and  Pascoe  (J.  Biol. 
Chem.  83:  35,  1929).  The  determination  is  based  upon  the 
color  produced  by  the  interaction  of  the  cholic  acid  part  of  bile 
acids  with  furfural  in  sulphuric  acid  solution. 


\  Reagents. — 

Furfural  solution:  Dissolve  9  c.c.  thrice  distilled  furfural 
in  1  liter  water. 

45%  Sulphuric  acid:  Pour  450  c.c.  cone,  sulphuric  acid  into 
550  c.c.  of  distilled  water,  slowly  while  cooling  under  the  tap. 

Standard  bile  salt  solution:  Commercial  preparations  usually 
contain  only  50%  bile  salts.  If  such  is  used  the  solution  must 
be  standardized  with  pure  bile  salt.  The  standard  is  made  to 
contain  1  mg.  bile  salt  per  c.c.  Add  to  it  a  few'  drops  of  chloro¬ 
form  and  store  in  an  icebox. 


Procedure. — Transfer  1  c.c.  of  urine  from  a  patient  with  jaun¬ 
dice  and  1  c.c.  of  standard  bile  salt  solution  to  each  of  two  small 
test  tubes.  Add  to  each  tube  1  c.c.  0.9%  furfural  solution  and 
6  c.c.  45%  sulphuric  acid.  Mix  the  solutions  at  once  and  set  the 
tubes  in  a  water  bath  heated  to  65°  for  8  minutes.  Do  not 
allow  the  temperature  to  rise  above  70°  to  avoid  charring.  Re- 
mo\e  the  tubes  and  cool  them  in  cold  water.  Compare  the 
colors  in  the  colorimeter  and  confirm  the  color  match  by  using 
as  the  source  of  illumination  light  from  a  neon  lamp  passed 
through  Corning  glass  H.  R.  red  and  heat-absorbing  filters.  T 

^eterminatlon  of  Bile  Salts  in  the  Urine  by  Means  of 
the  Surface  Tension  Method. _ 


Principle.- Bile  salts  cause  a  decrease  in  the  surface  tension 
Of  the  urine  and  the  amount  may  be  roughly  determined  by 
use  ot  the  conversion  table  given  below. 
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Procedure. — Dilute  the  urine  to  a  specific  gravity  of  1.010 
and  divide  into  two  portions.  Add  acid  or  alkali  to  one  por¬ 
tion  as  required  so  that  you  have  both  an  alkaline  and  acid 
sample  of  the  same  urine  with  a  specific  gravity  of  1.010. 

Draw  distilled  water  up  into  the  stalagmometer  pipette  un¬ 
til  the  surface  of  the  water  is  above  the  upper  mark  on  the 
stem  of  the  instrument.  A  beaker  of  the  water  is  then  held 
with  the  surface  of  the  water  in  the  beaker  in  contact  with  the 
lower  end  of  the  pipette.  The  water  is  then  allowed  to  run  out 
of  the  pipette  until  the  upper  meniscus  of  the  liquid  in  the  in¬ 
strument  reaches  the  upper  mark  on  the  stem.  The  beaker  is 
then  quickly  lowered,  breaking  the  connection  between  the  water 
in  the  beaker  and  that  in  the  pipette,  and  the  number  of  drops 
flowing  from  the  pipette  is  counted  until  the  meniscus  reaches 
the  lower  mark  on  the  stem.  The  fraction  of  the  last  drop  is 
estimated.  This  procedure  is  then  repeated  with  the  acid  and 
then  the  alkaline  urine.  Be  sure  that  the  beaker  which  is  placed 
under  the  pipette  contains  the  same  solution  as  is  in  the  pipette. 


Number  of  drops  of  distilled  water 
Number  of  drops  of  solution 


x  100  =  surface  tension 


(Distilled  water  taken  as  100) 


Table  XXX 


SURFACE  TENSION 
OF  SOLUTION 

GRAMS  OF  BILE  SALT 
PER  100  C.C. 

(ACID  SOLUTION) 

GRAMS  OF  BILE  SALT 
PER  100  C.C. 
(ALKALINE  SOLUTION) 

95 

0 

0.001 

90 

0 

0.004 

85 

0.001 

0.008 

80 

0.003 

0.015 

75 

0.007 

0.030 

70 

0.015 

0.065 

65 

0.033 

0.100 

60 

0.100 

0.100 

— 

Acetone  Bodies. — 

The  term  “acetone  bodies”  includes  acetone,  /1-hydroxy- 
butyric  acid  and  acetoacetic,  and  this  is  readily  converted  into 
acetone  by  the  loss  of  C02,  so  that  these  acids  are  never  found 

in  the  urine  unaccompanied  by  acetone. 

Acetone,  if  present  in  large  amounts,  may  be  tested  for  in  the 
urine  directly.  If  only  small  amounts  are  present,  the  urine 
may  be  used  to  distinguish  various  members  of  the  group.  An 


acetone  urine  will  be  supplied  containing  sufficient  acetone  to 
give  the  tests. 

Rothera’s  Test. — Saturate  about  10  c.c.  of  urine  with  am¬ 
monium  sulphate.  Add  2-3  drops  of  fresh  sodium  nitroprusside 
solution  and  2-3  c.c.  concentrated  ammonia.  Mix  and  allow  to 
stand  at  least  V2  hour.  A  characteristic  permanganate  color, 
which  persists  on  addition  of  an  excess  of  acetic  acid,  indicates 
the  presence  of  acetone. 

Gerhardt’s  Test  for  Acetoacetic  Acid  in  Urine.— To  5  c.c. 
of  urine  add  dropwise  a  3^o  ferric  chloride  solution  until  no 
more  precipitate  is  formed.  If  the  precipitate  masks  the  color, 
filter  the  mixture.  The  presence  of  acetoacetic  acid  is  denoted 
by  wine-red  color.  Repeat  the  test  after  having  boiled  the  urine 
for  3-5  minutes  and  allowing  it  to  cool.  If  the  test  is  now  neg¬ 
ative  the  urine  contains  acetoacetic  acid,  but  if  a  positive  test  is 
observed  the  reaction  is  due  to  some  substance  other  than  aceto¬ 
acetic  acid,  probably  salicylic  acid  or  its  derivatives. 

Determination  of  Acetone  Bodies  in  Urine  by  the  Method 
of  Behere  and  Benedict  (J.  Biol.  Chem.  70:  487,  1926). — (3- Hy- 
droxybutyric  acid  is  oxidized  to  acetoacetic  acid  with  acid  di- 
chromate.  This  compound  and  the  preformed  acetoacetic  acid 
are  converted  to  acetone  by  heat.  The  acetone  so  formed,  and 
the  preformed  acetone,  are  distilled  and  determined  colorimet- 
rically.  The  color  formed  is  that  of  dihydroxy-dibenzene  ac¬ 
etone  formed  by  reaction  of  acetone  with  salicylaldehyde  in 
strong  alkaline  solution. 

Reagents. — 

40%  Copper  sulphate  and  20%  suspension  of  calcium  hy¬ 
droxide  in  ivater:  For  removal  of  glucose  and  other  interfering 
substances. 

0.2%  Potassium  dichromate  in  50%  sulphuric  acid:  For 
oxidation  of  /Miydroxybutyric  acid  to  acetoacetic  acid. 

Standard  acetone  stock  solution:  Dilute  1  c.c.  acetone  to 
100  c.c.  and  dilute  12.63  c.c.  of  this  solution  to  1  liter.  The 
stock  solution  will  remain  constant  about  one  month.  The 
working  standard  is  made  by  diluting  the  stock  solution  10  times 
and  it  contains  0.01  mg.  acetone  per  c.c. 

Procedure.  Into  a  200  c.c.  Erlenmeyer  flask  introduce  5  c  c 
urme,  5  c.c.  copper  sulphate,  5  c.c.  of  the  well-shaken  suspension 
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of  calcium  hydroxide  and  5  c.c.  water.  Mix  the  solutions  thor¬ 
oughly  and  allow  the  flask  to  stand  for  30  to  45  minutes  with 
occasional  shaking.  Filter,  using  dry  apparatus.  If  difficulty 
is  experienced  in  obtaining  sufficient  filtrate,  press  the  pre¬ 
cipitate  on  the  filter  paper  with  a  clean  cork.  Transfer  5  c.c. 
of  filtiate  to  a  large  pyrex  test  tube.  If  the  presence  of  a  large 
amount  of  acetone  is  suspected  from  the  results  of  the  qualita¬ 
tive  test,  use  only  1  c.c.  filtrate  and  add  4  c.c.  of  water.  Put  a 
small  U-tube  with  open  ends  downward  in  the  test  tube.  Close 
the  pyrex  tube  with  a  2-hole  rubber  stopper  fitted  with  a  micro- 
Kjeldahl  condenser  (Fig.  81)  and  a  burette  tip.  Connect  a 
burette  to  the  upper  end  of  the  burette  tip  with  a  short  piece 
of  rubber  tubing,  which  should  be  closed  with  a  pinch  clamp. 
Place  about  10  c.c.  of  the  oxidizing  mixture  in  the  burette  and 
arrange  the  apparatus  for  distillation  according  to  the  demon¬ 
stration  model.  The  receiver  tube  which  is  calibrated  at  5  c.c. 
contains  0.5  c.c.  water  and  is  cooled  in  ice  water.  The  tip  of  the 
condenser  is  placed  just  below  the  surface  of  the  water  in  the 
receiver. 

Distill  1  c.c.  of  liquid  very  slowly.  Add  slowly  2-4  c.c.  of  the 
oxidizing  mixture  while  the  solution  is  kept  boiling.  When  the 
volume  in  the  receiver  is  a  little  less  than  5  c.c.,  remove  the 
receiver  while  continuing  to  heat  the  distilling  tube. 

Calibrate  4  test  tubes  at  5  c.c.  Transfer  the  unknown  to  one 
and  introduce  1,  3,  and  5  c.c.  of  the  working  standard  acetone 
solution,  respectively,  into  the  other  three.  Make  all  solutions 
up  to  5  c.c.  To  each  tube  add  5  c.c.  approximately  7.5  N  sodium 
hydroxide  and  mix  the  contents.  Add  to  each  solution  2  drops 
salicylaldehyde,  and  very  thoroughly  mix  the  solution.  Heat 
the  tubes  in  boiling  water  for  5  minutes.  Shake  each  tube 
several  times  to  cause  the  solution  of  any  precipitate  which  may 
be  present.  Cool  the  solutions  and  compare  in  the  colorimeter 
the  color  of  the  unknown  with  that  of  the  standard  which  most 
nearly  matches  it.  Calculate  milligrams  acetone  bodies  as 
acetone  per  liter  of  urine. 

Determination  of  Acetone  Bodies  in  Urine  by  the  Method  of 
Van  Slyke  (J.  Biol.  Chem.  32:  455,  1917;  83:  415,  1929). 

/?- Hydroxybutyric  and  acetoacetic  are  converted  to  acetone 
as  described  above.  The  acetone  is  precipitated  as  a  basic  mer¬ 
curic  sulphate  compound  which  is  dissolved  and  titrated  with 
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potassium  iodide  and  mercuric  chloride.  Preservatives  other 
than  toluene  or  copper  sulphate  should  not  be  used  w  it  1  ie 

urine. 

Reagents. — 

20%  Copper  sulphate:  200  g.  copper  sulphate  (CuS04.oH20) 
dissolved  in  water  and  made  to  1  liter. 

20%  Suspension  calcium  hydroxide:  Suspend  200  g.  leagent 
grade  calcium  hydroxide  in  1  liter  water. 

50  Volume  per  cent  sulphuric  acid:.  Pour  500  c.c.  sulphuric 
acid  (sp.  gr.  1.836)  into  450  c.c.  water  slowly  while  cooling  under 
the  tap.  When  cool  dilute  to  1  liter. 

10%  Mercuric  sulphate:  Dissolve  73  g.  red  mercuric  oxide 
in  1  liter  4  N  sulphuric  acid. 

5%  Potassium  dichromate:  Dissolve  50  g.  of  the  salt  in 
sufficient  water  to  make  1  liter. 

0.05  M  Mercuric  chloride:  Dissolve  13.576  g.  mercuric 
chloride  in  water  and  dilute  to  1  liter. 

0.2  M  Potassium  iodide:  Dissolve  36  g.  potassium  iodide  in 
water  and  dilute  to  1  liter.  Directions  for  the  standardization 
of  this  solution  and  the  mercuric  chloride  solution  may  be  found 
in  the  original  papers  or  in  Peters  and  Van  Slvke  *  ‘  Quantitative 
Clinical  Chemistry,”  Vol.  2,  page  630. 

N  Hydrochloric  acid. 

3  M  Sodium  acetate:  Dissolve  408  g.  NaC2H302.3H20  or  246 
g.  of  the  anhydrous  salt  in  sufficient  water  to  make  1  liter. 

Procedure. — Introduce  10  c.c.  urine  into  a  100  c.c.  volumetric 
flask,  add  20  c.c.  water,  40  c.c.  copper  sulphate,  and  20  c.c.  of 
well  shaken  calcium  hydroxide  suspension.  Mix  the  solution 
and  add  to  it  more  calcium  hydroxide  if  it  is  not  alkaline  to 
litmus  paper.  Make  up  to  volume  and  allow  the  flask  to  stand 
30  minutes  with  occasional  shaking.  This  procedure  will  remove 
up  to  8%  glucose  but  should  not  be  omitted  even  when  glucose 
is  absent.  Filter  through  a  dry  folded  filter.  Transfer  25  c.c. 
of  filtrate  to  a  500  c.c.  Erlenemeyer  flask,  add  100  c.c.  water, 
10  c.c.  sulphuric  acid,  and  35  c.c.  of  mercuric  sulphate.  Fit  the 
flask  with  a  reflux  condenser  and  heat  it  so  the  solution  gently 
boils.  Add  5  c.c.  of  the  dichromate  solution  through  the  con¬ 
denser  and  continue  the  gentle  boiling  for  one  and  one-half 
hours.  The  yellow  precipitate  which  forms  is  the  mercuric 
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sulphate-chromate  compound  of  acetone.  The  amount  of  pre¬ 
cipitate  may  be  determined  gravimetrically  or  by  titration. 

Gravimetric  Determination  of  Mercury-Acetone  Precipitate.— 
Prepare  an  asbestos  mat  in  a  Gooch  crucible,  dry  and  weigh  the 
crucible.  Collect  the  precipitate  in  the  crucible,  using  gentle 
suction,  and  wash  the  precipitate  with  200  c.c.  cold  water.  Dry 
the  crucible  and  contents  at  110°  for  one  hour.  Allow  the 
crucible  to  cool  in  room  air  and  re-weigh  it.  One  mg.  of  acetone 
yields  20  mg.  of  precipitate.  Calculate  the  total  acetone  bodies, 
as  acetone,  per  liter  of  urine. 


Determination  of  Quantity  of  Mercury-Acetone  Precipitate 
by  Titration. — Collect  and  wash  the  precipitate,  without  suc¬ 
tion,  on  a  small  quantitative  filter  paper.  Transfer  paper  and 
precipitate  to  a  beaker  and  add  15  c.c.  1  N  hydrochloric  acid. 
Break  up  the  precipitate  with  a  stirring  rod  and  heat  the  beaker 
until  the  precipitate  dissolves.  To  the  cooled  solution  add  6-7 
c.c.  sodium  acetate  solution.  Rapidly  run  in  0.2  molar  potas¬ 
sium  iodide  with  constant  stirring.  If  more  than  a  small  amount 
of  mercury  is  present  a  red  precipitate  forms  but  redissolves 
when  2-3  c.c.  potassium  iodide  in  excess  of  the  amount  required 
to  form  the  soluble  potassium  mercuric  iodide  has  been  added. 
Cease  the  addition  of  potassium  iodide  when  the  red  precipitate 
dissolves.  If  only  a  few  milligrams  of  mercury  are  present  the 
red  precipitate  may  not  form,  in  which  case  add  5  c.c.  potassium 
iodide.  Titrate  the  excess  potassium  iodide  with  0.05  molar 
mercuric  chloride  until  a  permanent  red  precipitate  of  mercuric 
iodide  forms.  Subtract  the  volume  of  mercuric  chloride  used 
from  the  volume  of  potassium  iodide  added  to  give  the  volume 
of  potassium  iodide  required  to  form  potassium  mercuric  iodide 
with  the  mercury  obtained  from  the  precipitate.  Each  cubic 
centimeter  of  0.2  molar  potassium  iodide  is  equivalent  to  13  mg. 
of  mercuric-sulphate-acetone  precipitate  or  to  0.65  mg.  acetone. 
Calculate  the  total  acetone  bodies,  as  acetone,  per  liter  of  urine. 

If  the  specimen  of  urine  contains  the  normal  amount  or  nearly 
the  normal  quantity  of  acetone  bodies,  it  is  necessary  to  make 
a  blank  determination.  Treat  an  aliquot  of  the  urine  filtrate 
with  sulphuric  acid  and  water  and  boil  it  for  10  minutes.  1  inish 
the  determination  in  the  usual  manner,  omitting  the  use  of 
potassium  dichromate. 

Fehling’s  Test. — Fehling’s  reagent  is  made  up  in  two  parts, 
A  and  B,  which  are  mixed  in  equal  amounts  immediately  before 
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using.  A  is  5%  copper  sulphate;  B  contains  25%  KOii 
35%  sodium  potassium  tartrate  (Rochelle  salt).  The  solutions 
are  kept  separate,  as  after  mixing  a  reduction  will  take  place  m 
the  course  of  time,  due  to  the  action  of  tartrate. 

Mix  equal  portions  (about  5  c.c.)  of  A  and  B.  A  temporary 
green  precipitate  of  cupric  hydroxide  forms,  but  dissolves  when 
the  liquids  are  well  mixed,  the  solution  becoming  deep  blue. 
The  cupric  hydroxide  forms  a  soluble  compound  with  the  tar¬ 
trate  present,  the  tartrate  thus  serving  to  hold  the  cupric  hy¬ 
droxide  in  solution.  Heat  to  boiling.  No  change  occuis,  since 
the  cupric  hydroxide  held  by  the  tartrate  does  not  decompose. 
If  the  tartrate  were  not  present,  the  cupric  hydroxide  would 
be  converted  into  black  cupric  oxide  on  boiling.  To  the  hot 
liquid  add  a  few  drops  of  dilute  glucose  solution  and  boil.  If 
no  change  is  observed,  add  more  glucose  and  boil  again.  Re¬ 
peat  until  a  reaction  is  obtained.  A  precipitate  forms  which 
may  be  yellow  at  first  (cuprous  hydroxide).  On  further  boil¬ 
ing  this  is  converted  into  red  or  brownish-red  cuprous  oxide. 
This  is  one  of  the  most  widely  used  tests  for  reducing  sugars. 

Folin’s  Modified  Method  for  Determination  of  Glucose  in 
Urine. — The  urine  is  shaken  with  fuller’s  earth  (Lloyd’s 
reagent)  that  has  been  washed  with  TICl,  which  removes 
most  of  the  coloring  matter  together  with  the  uric  acid 
creatine  and  creatinine,  which  otherwise  would  reduce  the 
sugar  reagent.  The  urine  is  made  more  acidic  by  addition  of 
oxalic  acid,  because  Lloyd’s  reagent  is  a  better  adsorbing  agent 
for  substances  mentioned,  when  acting  in  such  an  acid  medium. 
The  cuprous  oxide  formed  is  treated  with  a  phosphomolybdate- 
phospho-tungstate  solution,  a  blue  color  being  obtained,  which 
is  compared  with  a  standard.  The  reaction  occurs  in  acid 
medium,  but  the  reduction  is  analogous  to  the  following: 
3Mo03  (molybdic  oxide)  +  Cu20  =  Mo308  (molybdenum  blue) 
+  2CuO.  3W03  (tungstic  oxide)  +  Cu20  ==  W308  (tungsten 
blue)  +  2CuO.  Urine  must  not  be  preserved  with  chloroform, 
because  it  has  a  reducing  action  on  the  copper  reagent.  *Use 
either  xylene  or  toluene. 


V Alkaline  Copper  Tartrate  Solutioii— Dissolve  12  g.  of  Merck’s 
sodium  tartrate  (or  15  g.  of  Rochelle  salt)  together  with  7  g  of 
anhydrous  sodium  carbonate  and  20  g.  of  sodium  bicarbonate  in 
boo  to  700  c.c.  of  distilled  water.  Transfer  this  solution  to  a 
volumetric  liter  flask  and  to  it  add  5  g.  of  copper  sulphate  pro- 
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viously  dissolved  in  about  200  c.c.  of  water.  Dilute  to  volume 
and  mix.v  In  the  preparation  of  this  reagent  all  the  carbon  di¬ 
oxide  which  is  generated  when  the  copper  sulphate  is  added 
should  be  retained  in  the  solution  by  combining  with  a  part  of 
the  surplus  carbonate.  In  practice  it  may  therefore  be  desirable, 
though  scarcely  necessary,  to  insert  a  stopper  in  the  volumetric 
flask  and  shake  for  a  few  moments,  immediately  after  the  ad¬ 
dition  of  the  copper  sulphate  solution. 


Fig.  80. — Folin  blood  sugar  tube. 

1  Phosphomolybdic  Acid  Solution^—  Dissolve  150  g.  of  sodium 
molybdate,  Na2Mo04.2H20,  in  300  c.c.  of  distilled  water.  Filter 
through  a  15  cm.  quantitative  filter  paper  into  a  flask  (capacity 
1  liter)  and  wash  with  75  c.c.  of  water.  To  the  sodium  molyb¬ 
date  solution  in  the  flask  add  several  drops  (0.1  to  0.2  c.c.)  of 
bromine  and  shake  for  a  few  minutes  until  the  bromine  has 
dissolved.  Let  stand  for  an  hour  to  complete  the  oxidation 
produced  by  the  hypobromite.  Then  add,  with  shaking,  225 
c.c.  of  85%  phosphoric  acid.  The  surplus  bromine  is  set  free 
and  imparts  a  yellow  color  to  the  solution.  After  all  the  phos¬ 
phoric  acid  has  been  added,  add  also  150  c.c.  of  cooled  25% 
sulphuric  acid  (one  volume  of  concentrated  sulphuric  acid 
added  to  three  volumes  of  water).  Remove  the  surplus  bro¬ 
mine  by  means  of  a  moderately  rapid  air  current.  The  aeration 
will  take  about  half  an  hour.  Finally,  add  75  c.c.  of  99%  acetic 
acid,  mix,  and  dilute  to  a  volume  of  1  liter. 

i  Standard  Sugar  Solutions. Two  solutions  of  glucose  contain, 
respectively,  0.1  and  0.2  mg.  of  glucose  per  c.c.  Dissolve  2.5 
<r  of  benzoic  acid  in  1  liter  of  boiling  water  and  cool.  Trans- 
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fer  to  a  bottle;  the  solution  will  keep  indefinitely.  Dissolve 
1  g.  pure  glucose  in  about  50  c.c.  of  saturated  benzoic  acid  solu¬ 
tion  (or  distilled  water  if  the  solution  is  to  be  used  but  a  short 
time)  in  a  100  c.c.  volumetric  flask;  and  fill  to  the  mark  with 
the  benzoic  acid  solution.  This  is  the  (1%)  stock  solution. 
Transfer  1  c.c.  of  stock  solution  by  means  of  a  pipette  to  a  100 
c.c.  volumetric  flask  and  2  c.c.  to  another ;  fill  both  to  the  mark 
with  water  to  which  has  been  added  a  few  drops  of  toluene. 

\.To  5  c.c.  of  urine  add  5  c.c.  of  0.05  N  oxalic  acid  and  10  c.c. 
H,0 ;  mix.  Now  add  1.5  grams  HCl-washed  Lloyd’s  reagent 
(fuller’s  earth)  and  shake  gently  for  4  minutes.  Let  the  Lloyd’s 
reagent  settle  as  completely  as  possible,  then  filter  the  superna¬ 
tant  liquid  into  a  small  flask  or  beaker  containing  2  g.  of  per- 
mutite  to  remove  Ca;  shake  for  3  minutes  and  filter  again. 

Transfer  2  c.c.  of  this  filtrate  to  a  blood  sugar  tube  (Fig.  80), 
and  to  two  other  similar  test  tubes  (graduated  at  25  c.c.)  add  2 
c.c.  of  standard  sugar  solution  containing,  respectively,  0.2  and 
0.4  mg.  glucose  in  the  2  c.c.  used.  To  each  tube  add  2  c.c.  of  the 
alkaline  copper  solution.  The  surface  of  the  mixture  must  be 
in  the  constricted  part  of  the  tube.  If  the  bulb  of  the  tube  is 
too  large  for  the  volume  (4  c.c.),  a  little,  but  not  more  than 
0.5  c.c.  of  a  diluted  (1:1)  alkaline  copper  solution  may  be 
added.  Transfer  the  tubes  to  a  boiling  water  bath  and  heat  for 
10  minutes.  Then  transfer  them  to  a  cold  water  bath  and  let 
cool,  without  shaking,  for  2  or  3  minutes.  Add  to  each  test 
tube  2  c.c.  of  the  molybdate  phosphate  solution.  The  cuprous 
hydroxide  dissolves  rather  slowly  if  the  amount  is  large,  but 
the  w hole,  up  to  the  amount  given  by  0.8  mg.  of  glucose,  dis- 
sol\  es  usual  h  within  2  minutes.  When  the  cuprous  hydroxide 
is  dissolved,  dilute  the  resulting  blue  solutions  to  the  25  c.c. 

mark,  insert  a  rubber  stopper,  and  mix  by  inverting  each  tube 
3  times. 

The  standard  and  the  unknowns  should  not  only  be  heated 
the  same  length  of  time,  but  should  also  be  at  the  same  tem¬ 
perature  when  the  reagent  is  added.  If  the  standard  and  un¬ 
known  are  at  the  same  temperature,  it  makes  no  difference 
whether  the  color  comparison  is  made  at  the  end  of  5  minutes 
or  at  the  end  of  one  hour.  Compare  in  a  colorimeter  with  both 
standards,  and  if  the  results  are  not  the  same  rely  on  the 
standard  which  most  nearly  matches  the  unknown. { 


CHAPTER  IV 
BLOOD  ANALYSIS 

Micro-Kjeldahl  Method. — 

Folin  s  Modified  Nessler’s  Reagent. — This  reagent  is  essen¬ 
tially  a  solution  of  the  double  iodide  of  mercury  and  potas¬ 
sium  (IIgI2,2KI)  containing  sodium  hydroxide.  A  stock  solu¬ 
tion  of  the  double  iodide  is  best  prepared  as  follows : 

Transfer  150  g.  of  potassium  iodide  and  110  g.  of  iodine  to 
a  500  c.c.  Florence  flask ;  add  100  c.c.  of  water  and  an  excess  of 
metallic  mercury  140  g.  to  150  g.  Shake  the  flask  continuously 
and  vigorously  for  7  to  15  minutes  or  until  the  dissolved  iodine 
has  nearly  all  disappeared.  The  solution  becomes  quite  hot. 
When  the  red  iodine  solution  has  begun  to  become  visibly  pale, 
though  still  red,  cool  in  running  water  and  continue  the  shaking 
until  the  reddish  color  of  the  iodine  has  been  replaced  by  the 
greenish  color  of  the  double  iodide.  This  whole  operation  usu¬ 
ally  does  not  take  more  than  15  minutes.  Now  separate  the  solu¬ 
tion  from  the  surplus  mercury  by  decantation  and  washing  with 
liberal  quantities  of  distilled  water.  Dilute  the  solution  and 
washings  to  a  volume  of  two  liters.  If  the  cooling  was  begun  in 
time  the  resulting  reagent  is  clear  enough  for  immediate  dilu¬ 
tion  with  10%  alkali  and  water,  and  the  finished  solution  may 
at  once  be  used  for  Nesslerizations. 

From  the  stock  solution  of  mercuric  potassium  iodide,  made 
as  described  above,  prepare  the  final  Nessler  solution  as  follows : 

From  1:1  caustic  soda  solution  containing  about  55  g.  of 
NaOH  per  100  c.c.,  decant  the  clear  supernatant  liquid  and 
dilute  to  a  concentration  of  10%.  Introduce  into  a  large  bottle 
3,500  c.c.  of  10%  sodium  hydroxide  solution,  add  750  c.c.  of 
the  double  iodide  solution,  and  750  c.c.  of  distilled  water,  giving 
5  liters  of  Nessler’s  solution. 

In  the  absence  of  modifying  circumstances,  such  as  the  pres¬ 
ence  of  much  acid  or  alkali,  this  reagent  should  be  added  in  the 
proportion  of  10  c.c.  per  100  c.c.  of  the  volume  to  which  the 
Nesslerized  solution  is  to  be  diluted.  As  a  general  mle  the 
volumetric  flask  (or  volumetric  test  tube)  should  be  at  least 
two-thirds  full  before  adding  the  Nessler  reagent.  If  attention 
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is  not  given  to  this  detail  turbid  mixtures  are  obtained  and 
turbid  solutions  must  never  be  used  for  color  comparisons. 

Preparation  of  Protein-Free  Blood  Filtrates.  The  blood 
should  be  collected  over  finely  powdered  potassium  oxalate, 
about  20  mg.  for  10  c.c.  of  bloody  It  is  important  not  to  use 
unnecessarily  large  amounts  of  oxalate  because  the  excess  makes 
the  complete  coagulation  of  the  proteins  more  difficult  and  also 
interferes  more  or  less  with  the  uric  acid  precipitation. 

Reagents  required  for  the  precipitation  of  the  proteins : 

1A  A  10%  solution  of  sodium  tungstate.^  Some  sodium  tung¬ 
states,  though  labeled  c.p.,  are  not  serviceable  for  this  work. 
They  usually  contain  too  much  sodium  carbonate. 

2.  A'*  two-thirds  normal  sulphuric  solution,  35  g.  of  concen¬ 
trated  c.p.  sulphuric  acid \ diluted  to  a  volume  of  1  liter,  will 
usually  be  found  to  be  correct;  but  it  is  advisable,  indeed  neces¬ 
sary,  to  check  it  up  by  titration.  The  two-thirds  normal  acid 
is  intended  to  be  equivalent  to  the  sodium  content  of  the  tung¬ 
state  so  that  when  equal  volumes  are  mixed  substantially  the 
whole  of  the  tungstic  acid  is  set  free  without  the  presence  of  an 
excess  of  sulphuric  acid.  The  tungstic  acid  set  free  is  nearly 
quantitatively  taken  up  by  the  proteins  and  the  blood  filtrates 
obtained  are  therefore  only  slightly  acid  to  bromphenol  blue 
paper. 


3.vTwo  per  cent  sodium  sulphate.* 

V Transfer  a  measured  quantity  (10  c.c.)  of  oxalated  blood  to 
a  flask  having  a  capacity  of  fifteen  to  twenty  times  that  of 
the  \  olume  taken.  Dilute  the  blood  with  seven  volumes  of  2% 
Na2S04.  Add  one  volume  of  10%  solution  of  sodium  tungstate 
(iVa2A\  04,  2H20)  and  mix.  Add  from  a  graduated  pipette  or 
burette,  slowly  and  with  shaking,  one  volume  of  two-thirds  nor¬ 
mal  sulphuric  acid.  Close  the  mouth  of  the  flask  with  a  rubber 
stopper  and  shake.  If  the  conditions  are  right,  hardly  a  single 
air  bubble  will  form  as  a  result  of  the  shaking.  Let  stand  for 
minutes;  the  color  of  the  coagulum  gradually  changes  from 
bright  red  to  dark  brown.  v  If  this  change  in  color  does  not 
occur,  the  coagulation  is  incomplete,  usually  because  too  much 
oxalate  is  present.  In  such  an  emergency  the  sample  may  be 
saved  by  adding  10%  sulphuric  acid,  one  drop  at  a  time,  shak¬ 
ing  vigorously  after  each  drop,  and  continuing  until  there  is 
practically  no  foaming  and  until  the  dark  brown  color  has  set  in 
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\Pour  the  mixture  on  a  filter  large  enough  to  hold  it  allA  This 
filtration  should  be  begun  by  adding  only  a  few  c.c.  of  the  mix¬ 
ture  down  the  double  portion  of  the  filter  paper  and  withhold¬ 
ing  the  remainder  until  the  whole  filter  has  been  wet.  Then  the 
whole  of  the  mixture  is  poured  on  the  funnel  and^covered  with 
a  watch  glass.  ^  If  the  filtration  is  made  as  described  the  very 
first  portion  of  the  filtrate  should  be  clear  as  water  and  no  re¬ 
filtering  is  necessary. 

\The  protein  blood  filtrates  are  not  acid  enough  to  prevent  bac¬ 
terial  decomposition.  If  the  filtrates  are  to  be  kept  for  any 
length  of  time,  more  than  two  days,  some  preservative,  a  few 
drops  of  toluene  or  xylene  should  be  added.  v 

Nonprotein  Nitrogen  Determination.— The  acid  digestion 
mixturejis  made  as  follows:  Mix  300  c.c.  of  phosphoric  acid 
syrup  (about  85%  H3P04)  with  100  c.c.  of  concentrated  sul¬ 
phuric  acid.  Transfer  to  a  tall  cylinder,  cover  well  to  exclude 
the  absorption  of  ammonia,  and  set  aside  for  sedimentation 
of  calcium  sulphate.  This  sedimentation  is  very  slow,  but  in 
the  course  of  a  week  or  so  the  top  part  is  clear  and  50  to  100 
c.c.  may  be  removed  by  means  of  a  pipette.  To  100  c.c.  of  the 
clear  acid  add  10  c.c.  of  6%  copper  sulphate  solution  and  100 
c.c.  of  water. 

V  Introduce  1  c.c.  of  the  protein-free  blood  filtrate  into  a  dry 
pyrex  test  tube.  Add  1  c.c.  of  the  sulphuric-phosphoric  acid 
mixture  described  above.  Add  a  dry  quartz  pebble  and  boil 
vigorously  over  a  microburner  until  the  characteristic  dense 
acid  fumes  begin  to  fill  the  test  tube.  This  is  usually  accom¬ 
plished  in  from  3  to  7  minutes.^  When  the  fumes  are  unmis¬ 
takable,  cut  down  the  size  of  the  flame  so  that  the  contents  of 
the  tube  are  just  visibly  boiling,  and 'close  the  mouth  of  the 
test  tube  with  a  watch  glass  or  a  very  small  Erlenmeyer  flask. 
Continue  the  heating  very  gently  for  2  minutes^  from  the  time 
the  fumes  began  to  be  unmistakable,  even  if  the  solution  has 
become  clear  and  colorless  at  the  end  of  20  to  40  seconds.  If  the 
oxidations  are  not  visibly  finished  at  the  end  of  2  minutes  the 
heating  must  be  continued , until  the  solution  is  nearly  colorless,  \ 
i.e.,  only  inorganic  colors  present.  Such  cases  are  very  rare;  the 
oxidation  is  almost  invariably  finished  within  the  first  minute. 
Allow  the  contents  to  cool  for  70  to  90  seconds  and  then  add  5 
c.c.  of  water.  Cool  further,  approximately  to  room  temperature, 
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and  add  2  c.c.  15  N  NaOH.  Connect  to  micro-Kjeldahl  distilling 
apparatus  (Fig.  81)  and  distill  %  into  5  c.c.  0.1  N  HC1  in  a 
pyrex  tube  graduated  at  25  c.c.  Add  to  distillate,  5  c.c.  ot 
Nessler  solution.  Fill  to  the  mark,  stopper  and  mix.  The  stand¬ 
ard  most  commonly  required  is  0.1  mg.  of  N  (in  the  form  of 
ammonium  sulphate)  in  a  25  c.c.  tube.  Add  to  it  o  c.c.  of 
Nessler  solution.  Fill  to  the  mark  and  mix.  The  unknown  and 
the  standard  should  be  Nesslerized  at  approximately  the  same 
time  and  compared  in  a  colorimeter. ^ 


Folin  reports  that  difficulty  in  obtaining  clear  solutions  after 
Nesslerizmg  may  be  due  to  incorrect  degree  of  alkalinity  of 
the  Nessler  solution.  To  determine  the  alkalinity  of  the  Ness- 
er,  20  c.c.  of  normal  hydrochloric  acid  should  be  titrated  with 
the  Nessler  solution  using  phenolphthalein  as  indicator.  A  good 
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end  point  should  be  obtained  on  adding  from  11  to  11.5  c.c.  of 
Nessler.  If  much  less  than  11  c.c.  is  required  (e.g.,  9.5  c.c.), 
the  Nessler  solution  is  too  alkaline  and  the  Nesslerized  blood 
filtrate  is  likely  to  become  cloudy.  Turbidity  also  may  occur 
if  the  sulphuric-phosphoric  acid  mixture  is  too  weak. 

If  5  c.c.  of  the  diluted  acid  (1:1)  is  further  diluted  10  times 
(to  50  c.c.),  10  c.c.  of  this  solution,  if  titrated  with  Nessler ’s 
solution  using  phenolphthalein  as  indicator,  should  give  a  fairly 
good  end  point  on  the  addition  of  9.0-9.3  c.c.  of  the  Nessler 
solution. 

NaHCOs  (Alkali  Reserve)  of  Blood  Plasma. — Drawing  blood : 
Do  not  use  a  tourniquet — if  it  is  required  to  locate  the  vein,  re¬ 
lease  before  withdrawing  the  blood.  Use  a  syringe  and  sharp 
sterilized  needle.  Transfer  the  blood  to  an  oxalated  centrifuge 
tube  without  removing  the  needle  which,  to  prevent  exposure  to 
air,  extends  as  near  as  possible  to  the  bottom  of  the  tube. 
Centrifuge  within  2  minutes  if  possible.  This  procedure  gives 
the  same  results  as  if  the  blood  were  drawn  and  centrifuged  un¬ 
der  oil. 

Exposure  to  air  while  the  cells  and  plasma  are  in  contact 
will  give  low  values  owing  to  the  Cl  ion  shifting  from  the  cells, 
replacing  the  HC03  ion,  due  to  C02  escaping  from  the  blood. 

The  plasma  may  stand  not  more  than  12  hours  before  the  de¬ 
termination  is  made.  On  standing  longer,  the  sodium  of  the 
glass  may  affect  the  result. 

Place  1  c.c.  of  oxalated  plasma  in  each  of  two  200-c.c.  pvrex 
flasks  and  add  20  c.c.  distilled  water  to  each.  Add  3  drops  of 
phenol  red  to  each  flask.  The  color  should  be  a  reddish  orange. 
If  the  color  is  not  deep  enough,  add  more  indicator,  but  exactly 
the  same  quantities  to  each  flask.  Stopper  one  of  the  flasks,  and 
to  the  other  add  4  c.c.  of  0.01  N  HC1.  The  color  should  now 
change  to  a  yellow.  Place  this  flask  in  the  clamp  on  the  end 
of  a  motor  and  rotate  for  5  minutes  while  blowing  in  compressed 
air  filtered  through  NaOII  solution  and  then  cotton.  If  during 
this  period  the  color  changes  back  to  its  original,  add  1  c.c.  of 
HC1  and  continue  the  rotation  for  3  minutes  more.  Titrate  this 
flask  back  to  the  color  of  the  stoppered  flask  with  0.01  N  C02- 
free  NaOH.  It  may  be  necessary  to  increase  the  volume  by 
adding  distilled  water  to  the  stoppered  flask  to  get  it  to  the 
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exact  volume  of  the  titration.  After  the  reaction  in  the  titra¬ 
tion  passes  the  isoelectric  point  of  serum  albumin  and  globulin, 
a  precipitate  will  occur,  but  this  should  be  more  or  less  cleared 
up  before  the  end  of  the  titration  is  reached.  The  end  point  is 
important  because  of  buffers.  See  Fig.  42  for  comparison  with 
C02  capacity  method. 

Determination  of  Chlorides  in  Blood  Plasma.— In  this  method 
the  principle  used  in  the  Volhard  method  for  the  determination 
of  chlorides  in  urine  is  employed  for  the  estimation  of  the 
minute  amounts  of  sodium  chloride  found  in  blood  plasma. 

^  Place  2  c.c.  of  citrated  plasma  (oxalated  plasma  cannot  be 
used  on  account  of  the  poor  end  point)  in  a  50  c.c.  volumetric 
flask  containing  30  c.c.  distilled  water.  Add  10  c.c.  of  Solution 
I  (see  Volhard  method  for  urine)  and  make  to  mark.  After 
being  mixed  the  liquid  is  allowed  to  stand  for  5  to  10  minutes 
and  is  then  filtered  through  a  dry  filter  paper  free  from  chlo¬ 
rides.  Twenty-five  c.c.  of  the  filtrate  are  then  titrated  with 
Solution  II. v 

Sulphur. — Sulphur  may  be  present  as  “loosely  combined,” 
that  is,  unoxidized  sulphur,  or  in  oxidized  form  as  sulphate. 

To  detect  loosely  combined  sulphur  suspend  a  small  amount 
of  serum  albumin  in  water,  add  sodium  hydroxide  and  a  few 
drops  of  lead  acetate  and  boil.  “Loosely  combined”  sulphur 
is  split  off,  and  combines  with  the  lead  to  form  lead  sulphide, 
which  causes  the  liquid  to  turn  dark  brown  or  black.  Add 
sufficient  hydrochloric  acid  to  make  the  solution  acid,  and  hold 
in  the  mouth  of  the  test  tube  a  strip  of  filter  paper  moistened 
with  lead  acetate  solution.  The  acid  liberates  hydrogen  sul¬ 
phide  gas,  which  will  precipitate  lead  sulphide  as  a  shiny  dark 
material  on  the  filter  paper. 

Oxidized  sulphur  is  usually  present  as  sulphate.  It  is  de¬ 
tected  by  precipitation  as  barium  sulphate. 

Determination  of  Blood  Sugar  From  Finger  Tip  Blood. _ 

i  Dilute  Tungstic  Acid  Solution.^—' Transfer  20  c.c.  of  10%  so¬ 
dium  tungstate  and  10  g.  anhydrous  Na2S04  to  a  volumetric 
ask.  Dilute  to  a  volume  of  400  c.c.,  add  with  shaking  20  c.c. 
ot  2/3  N  sulphuric  acid,  and  dilute  to  volume  (500  c.c.). 
^Potassium  Ferricyanide  Solution.-?- Dissolve  2  g  of*CP  po 
tassium  ferricyanide  in  distilled  water  and  dilute'  to  a  volume 
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of  dOO  c.c.  The  major  part  of  this  solution  should  be  kept  in  a 
brown  bottle  in  a  dark  closet.  The  reagent  in  daily  use  should 
also  be  kept  in  a  brown  bottle. 

*  Sodium  Cyanide-Carbonate  Solution.—' Transfer  8  g.  of  anhy¬ 
drous  sodium  carbonate  to  a  500  c.e.  volumetric  flask.  Add  40 
to  50  c.c.  of  water  and  shake,  to  promote  rapid  solution.  With 
a  cylinder,  add  150  c.c.  of  freshly  prepared  sodium  cyanide 
solution,  1%  ;  dilute  to  volume  and  mix. 

Ferric  Iron  Solution. — Fill  a  liter  cylinder  with  water.  Sus¬ 
pend  on  a  copper  wire  screen,  just  below  the  surface  20  g.  of 
soluble  gliatti  gum,  and  leave  overnight  (18  hours).  Remove 
the  screen,  and  strain  the  liquid  through  a  double  layer  of  a 
clean  towel.  Add  to  this  extract  a  solution  of  5  g.  of  anhy¬ 
drous  ferric  sulphate  in  75  c.c.  of  85%  phosphoric  acid  plus 
100  c.c.  of  water.  Add  to  the  mixture,  a  little  at  a  time,  about 
15  c.c.  of  1  per  cent  potassium  permanganate  solution  to  de¬ 
stroy  certain  reducing  materials  present  in  ghatti  gum.  The 
slight  turbidity  of  the  solution  will  disappear  completely  if 
kept  at  37°  for  a  few  days. 

Standard  Glucose  Solution.-r-Dissolve  100  mg.  of  C.P.  glucose 
and  25  mg.  benzoic  acid  in  100  c.c.  water. 

j  Measure  0.02  c.c.  of  blood  and  blow  it  into  2  c.c.  of  tungstic 
acid  solution  contained  in  a  5  c.c.  test  tube.  Rinse  the  pipette 
by  sucking  and  blowing  and  keep  the  mixture  stirred  for  one 
whole  minute.  Let  the  tubes  stand  for  at  least  15  minutes 
and  centrifuge  until  clear.  Transfer  1  c.c.  of  the  clear  fluid 
with  a  dry  pipette  to  a  second  tube,  graduated  at  5  c.c.  Measure 
0.02  c.c.  standard  sugar  solution  and  blow  it  into  2  c.c.  tungstic 
acid,  rinse  and  transfer  1  c.c.  of  the  standard  to  another  tube 
graduated  at  5  c.c.  To  the  standard  and  unknown  add  0.2  c.c. 
of  potassium-ferricyanide  solution  and  0.2  c.c.  of  cyanide- 
carbonate  solution.  Heat  to  boiling  for  8  minutes;  cool  in 
running  water  1  minute;  add  1  c.c.  of  ferric  iron-ghatti  solu¬ 
tion,  shake,  and  let  stand  3  minutes.  Then  fill  to  the  mark 
with  HoO;  invert  each  tube  once  and  pour  the  total  of  each 
tube  into  a  dry  flare-top  cup  of  a  “biological”  colorimeter, 
placing  the  unknown  on  the  left  and  set  at  10  mm.  Using  day¬ 
light  passed  through  a  jar  of  potassium  ferricyanide  solution, 
make  10  readings  of  standard  as  rapidly  as  possible.  The  sum 
of  10  readings  in  mm.  =  blood  sugar  in  mg./ 100  c.c.  \ 
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In  older  blood  sugar  methods,  18  mg.  might  be  due  to  gluta¬ 
thione  and  2  mg.  to  thioneine  in  100  c.c.  The  sodium  sulfate 
prevents  laking  of  the  corpuscles  which  liberates  nonsugar 
reducing  substances. 

Spectroscopic  Behavior  of  Hemoglobin.  Study  the  spectro¬ 
scopic  behavior  of  hemoglobin  and  its  derivatives  as  follows, 
two  students  working  together. 

Oxygenation  of  Hemoglobin.— The  color  of  oxyhemoglobin  is 
a  much  lighter  and  more  brilliant  red  than  that  of  hemoglobin. 
Dilute  defibrinated  blood  with  5  volumes  of  water.  The  blood 
is  “laked,”  that  is,  the  hemoglobin  leaves  the  corpuscles  and 
goes  into  solution  in  the  water.  The  liquid,  which  was  opaque, 
becomes  clear.  Laking  may  be  brought  about  in  various  other 
ways,  as  by  the  addition  of  a  small  amount  of  ether  or  toluene. 
Shake  up  the  laked  blood  with  air,  closing  the  tube  with  the 
thumb.  The  color  becomes  bright  red,  as  the  hemoglobin  is 
changed  into  the  brighter  colored  oxyhemoglobin. 

Prepare  three  test  tubes  of  this  diluted  blood.  To  two  of 
them  add  Stokes’  fluid.  (This  is  a  mild  reducing  agent,  which 
contains  2%  FeS04,  3%  tartaric  acid,  and  ammonia  in  amount 
sufficient  to  redissolve  the  precipitate  which  forms  on  first  adding 
this  reagent.  The  reagent  must  be  freshly  prepared.)  The  color 
becomes  darker  red.  The  oxyhemoglobin  has  been  reduced  to 
hemoglobin.  Pour  the  blood  in  one  of  the  Stokes’  reagent  tubes 
several  times  from  one  test  tube  to  another.  The  brighter  oxy¬ 
hemoglobin  color  reappears.  Evidently  hemoglobin  and  oxy¬ 
hemoglobin  are  readily  converted  one  into  the  other.  Consider 
this  property  in  connection  with  the  role  which  hemoglobin 
plays  in  the  organism. 

Spectroscopic  Study. — By  means  of  a  spectroscope  observe 
the  spectrum  produced  by  a  luminous  gas  flame  and  by  electric 
light.  The  spectrum  is  continuous.  Observe  also  the  incom¬ 
plete  spectrum  of  the  non-luminous  Bunsen  flame.  Introduce 
a  small  amount  of  sodium  carbonate  into  the  flame  and  observe 
the  yellow  band.  Such  a  spectrum  is  called  a  bright  line  spec¬ 
trum  and  the  particular  bands  observed  are  characteristic  of 
sodium.  Observe  the  spectrum  produced  by  sunlight  (Fig.  82, 
1 )•  Notlce  the  fine  dark  lines  at  various  intervals.  These  are 
the  Fraunhofer  lines,  and  the  most  prominent  of  them  will  be 
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used  to  orient  the  absorption  bands  produced  by  the  hemo¬ 
globin  solutions  examined.  In  making  a  spectroscopic  exam¬ 
ination  and  in  charting  the  result,  have  the  red  end  of  the 
spectrum  always  on  the  left.  This  avoids  confusion  and  error 
in  interpreting  notes.  Observe  and  chart  the  following  lines 
in  your  notebook,  and  indicate  them  on  all  your  spectrum  rec¬ 
ords.  From  left  to  right  (beginning  in  the  red)  B  and  C,  two 
prominent  lines  in  the  red;  D,  a  prominent  line  in  the  yellow 
(really  two  lines  if  observed  with  a  large  spectroscope).  This 
line  corresponds  to  the  bright  lines  observed  above  in  the  sodium 
spectrum ;  E  and  b,  two  prominent  lines  in  the  green ;  F  at  the 
beginning  of  the  violet. 


Fig.  82. — Absorption  Spectra. 

1.  Spectrum  of  sunlight  showing  Fraunhofer  lines. 

2.  Oxyhemoglobin  (0.37%). 

8.  Hemoglobin. 

4.  CO-hemoglobin. 

5.  Methemoglobin. 

6.  Acid  hematin  (in  ether). 

7.  Hemochromogen  (reduced  alkaline  hematin). 

8.  Acid  hematoporphyrin. 


BLOOD  ANALYSIS 


409 


Oxyhemoglobin  Spectrum. — Examine  oxyhemoglobin  solu¬ 
tions  of  various  concentrations  spectroscopically  as  directed  be¬ 
low.  Blood  contains  about  16%  hemoglobin  so  the  percentage 
concentration  of  hemoglobin  may  be  calculated  for  any  dilution. 
The  observations  are  made  through  a  flat-sided  cell.  Each  suc¬ 
cessive  dilution  may  be  made  by  adding  an  equal  volume  of 

Table  XXXI 


Bausch  and  Lomb  Colorimeter  Reading  in  Millimeters  to  Grams 
Hemoglobin  Per  100  c.c.  Whole  Blood  • 


M  M 

0. 

0 

0. 

1 

0. 

2 

0. 

3 

0. 

4 

0. 

5 

0. 

6 

0. 

7 

0. 

8 

0. 

9 

5. 

0 

25 

25 

24. 

82 

24. 

40 

23. 

98 

23. 

56 

23. 

14 

22. 

72 

22. 

30 

21 

88 

21 

46 

6 

0 

21 

04 

20 

74 

20. 

44 

20. 

14 

19. 

84 

19. 

54 

19. 

24 

18 

94 

18 

64 

18 

34 

7 

0 

18 

04 

17 

81 

17. 

59 

17. 

36 

17. 

14 

16. 

91 

16. 

68 

16 

46 

16 

23 

16 

01 

8 

0 

15 

78 

15 

60 

15 

43 

15 

25 

15 

08 

14. 

90 

14 

73 

14 

55 

14 

38 

14 

20 

9 

0 

14 

03 

13 

89 

13 

75 

13 

61 

13 

47 

13 

33 

13 

19 

13 

05 

12 

91 

12 

77 

10 

0 

12 

63 

12 

51 

12 

40 

12 

28 

12 

17 

12 

05 

11 

94 

11 

82 

11 

71 

11 

59 

11 

0 

11 

48 

11 

38 

11 

29 

11 

19 

11 

10 

11 

00 

10 

90 

10 

81 

10 

71 

10 

62 

12 

0 

10 

52 

10 

44 

10 

36 

10 

28 

10 

20 

10 

11 

10 

03 

9 

95 

9 

GO 

9 

79 

13 

0 

9 

71 

9 

64 

9 

57 

9 

50 

9 

43 

9 

36 

9 

30 

9 

23 

9 

16 

9 

09 

14 

0 

9 

02 

8 

96 

8 

90 

8 

84 

8 

78 

8 

72 

8 

66 

8 

60 

8 

54 

8 

48 

15 

0 

8 

42 

8 

37 

8 

31 

8 

26 

8 

21 

8 

15 

8 

10 

8 

05 

8 

00 

7 

94 

16 

0 

7 

.89 

7 

.84 

7 

80 

7 

75 

7 

71 

7 

66 

7 

61 

7 

57 

7 

52 

7 

.47 

17 

.0 

7 

.43 

7 

.39 

7 

.35 

7 

.30 

7 

26 

7 

22 

7 

.18 

7 

.14 

7 

09 

7 

.05 

18 

.0 

7 

.01 

6 

.97 

6 

.94 

6 

.90 

6 

.86 

6 

.82 

6 

.79 

6 

.75 

6 

.71 

6 

.68 

19 

.0 

6 

.64 

6 

.61 

6 

.57 

6 

.54 

6 

.51 

6 

.47 

6 

.44 

6 

.41 

6 

.38 

6 

.34 

20 

.0 

6 

.31 

6 

.28 

6 

.25 

6 

.22 

6 

.19 

6 

.16 

6 

.13 

6 

.10 

6 

.07 

6 

.04 

21 

.0 

6 

.01 

5 

.98 

5 

.96 

5 

.93 

5 

.90 

5 

.87 

5 

.85 

5 

.82 

5 

.79 

5 

.77 

22 

.0 

5 

.74 

5 

.71 

5 

.69 

5 

.66 

5 

.64 

5 

.61 

5 

.59 

5 

.  56 

5 

.54 

5 

.51 

23 

.0 

5 

.49 

5 

.47 

5 

.44 

5 

.42 

5 

.40 

5 

.37 

5 

.35 

5 

.33 

5 

.31 

5 

.28 

24 

.0 

5 

.26 

5 

.24 

5 

.22 

5 

.20 

5 

.18 

5 

.  15 

5 

.13 

5 

.11 

5 

.09 

5 

.07 

25 

.0 

5 

.05 

5 

.03 

5 

.01 

4 

.99 

4 

.97 

4 

.95 

4 

.93 

4 

.92 

4 

.90 

4 

.88 
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distilled  water  to  any  volume  of  the  liquid  to  be  diluted.  Make 
observations  on  blood  in  the  following  dilutions:  Blood  shaken 
with  air  and  diluted  10  times,  20,  40,  80,  160,  320,  640  and 
1280  times.  If  the  solution  at  a  dilution  of  1280  still  shows  two 
absorption  bands,  dilute  further  until  only  one  band  remains. 
Record  results. 

Spectrum  of  Hemoglobin. — Pour  blood  diluted  40  times  into 
the  cell,  reduce  it  by  adding  a  small  amount  of  Stokes’  reagent 
and  observe  spectrum.  Repeat  with  blood  diluted  80  times. 

v  Bausch  and  Lomb  Method  for  Determining  Amount  of 
Hemoglobin  in  Blood. — 

Ten  c.mm.  of  blood  are  drawn  up  in  the  special  dilution 
pipette  and  then  0.1  N  HC1  is  drawn  up  to  the  5020  mark. 
This  mixture  is  introduced  into  the  right  cup  of  the  Bausch 
and  Lomb  colorimeter  and  the  colored  glass  standard  is  in¬ 
troduced  on  the  left  side.  The  blue  glass  is  placed  over  the 
eyepiece  and  a  color  match  is  made.  By  means  of  the  con¬ 
version  table  mm.  are  changed  to  per  cent  hemoglobin.  If  the 
reading  is  taken  in  less  than  thirty  minutes,  add  to  it  the  cor¬ 
responding  figure  from  the  time  correction  table.  The  normal 
value  for  a  man  is  16  per  centq 

Carbonyl-Hemoglobin. — Prepare  a  solution  of  carbonyl-hemo¬ 
globin  by  diluting  blood  160  times,  and,  in  the  hood,  passing 

Table  XXXII 
Time  Correction 


READING  IN  GRAMS 


MIN  CTES 

SINCE 

DILUTION 

25 

23 
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illuminating  gas  through  the  liquid.  Observe  the  cherry  red 
color.  Observe  the  solution  spectroscopically  and  chart  it,  com¬ 
paring  the  location  of  the  bands  carefully  with  those  given 
by  an  oxyhemoglobin  solution.  To  a  little  of  the  carbonyl-hemo- 
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globin  solution  add  Stokes’  reagent.  Observe  that  the  spectrum 
does  not  change,  as  did  that  of  oxyhemoglobin,  which  it  re- 
sembles,  under  similar  conditions. 

Although  carbon  monoxide  forms  a  fairly  stable  compound 
with  hemoglobin,  still  it  is  possible  to  remove  the  carbon  mon-  • 
oxide  by  passing  a  brisk  air  blast  through  the  solution  for  some 
time.  The  solution  will  contain  oxyhemoglobin,  as  can  be  dem¬ 
onstrated  by  reducing  with  Stokes’  reagent.  The  oxyhemoglobin 
may  be  reduced  to  hemoglobin. 

Methemoglobin. — To  a  small  volume  of  blood  diluted  ten  times 
add  a  few  drops  of  a  fresh  solution  of  potassium  ferricyanide. 
Methemoglobin  is  formed.  The  color  becomes  a  dirty  brown. 
Examine  the  solution  with  the  spectroscope,  diluting  somewhat 
if  it  is  too  opaque,  and  chart.  While  one  student  is  observing 
the  spectrum,  let  his  partner  add  Stokes’  fluid  to  the  liquid  in 
the  cell.  Observe  that  the  methemoglobin  spectrum  gives  way 
to  that  of  hemoglobin.  The  reducing  agent  changes  Fe+++  of 
methemoglobin  into  Fe++  of  hemoglobin.  On  shaking  with  air, 
oxyhemoglobin  is  produced. 

Acid  hematin  may  be  prepared  by  treating  defibrinated 
blood  with  half  its  volume  of  glacial  acetic  acid  and  an  equal 
volume  of  ether.  The  liberated  hematin  dissolves  in  the  ether, 
and  this  solution  may  be  used  for  a  spectroscopic  examination. 
It  shows  a  distinct  band  between  C  and  D,  somewhat  nearer  C 
than  the  band  in  the  methemoglobin  spectrum.  A  second  fainter 
band  appears  between  D  and  F.  On  dilution  this  band  divides 
into  two,  a  broad  dark  band  in  the  green  between  b  and  F,  and 
a  narrow  fainter  band  to  the  left  of  E.  A  fourth  band  may  ap¬ 
pear  on  the  violet  side  of  D. 


Acid  Hematoporphyrin.— To  5  c.c.  of  concentrated  sulphuric 
acid  in  a  test  tube  add  2-3  drops  of  undiluted  defibrinated 
blood,  mixing  well  after  the  addition  of  each  drop.  Observe  the 

color  and  chart  the  spectrum.  If  the  color  is  too  dark  dilute 
with  glacial  acetic  acid. 

Hemoglobin  Crystals.-Placc  a  drop  of  defibrinated  rat  or 
guinea  pig  blood  on  a  slide,  add  an  equal  volume  of  water  a 
few  crystals  of  ammonium  oxalate,  and  1-2  drops  ether  Mix 
and  cover.  In  a  few  minutes  crystals  of  oxyhemoglobin  sepa- 
lafe  out.  Observe  under  the  microscope  and  draw. 
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Hemin  Crystals. — Place  a  drop  or  two  of  blood  on  a  slide. 
Add  one  or  two  crystals  of  sodium  chloride  (no  more)  and  rub 
with  a  glass  rod  until  the  salt  has  dissolved.  Place  the  slide  on 
a  ring  about  a  foot  above  a  small  flame  and  allow  the  blood  to 
evaporate  slowly  to  complete  dryness.  Rub  the  red  residue  to  a 
powder  with  a  knife  blade,  collect  the  powder  in  a  small  pile  and 
add  a  drop  of  glacial  acetic  acid  from  a  glass  rod.  Rub  to  a 
paste,  place  a  portion  on  a  clean  slide,  and  add  a  drop  of  glacial 
acetic  acid.  Cover  with  a  cover  slip  and  cautiously  heat  over  a 
small  flame  until  the  acid  begins  to  boil.  Let  a  drop  more  of  the 
acid  run  under  the  slide  and  allow  to  cool.  If  no  crystals  form, 
add  another  drop  or  two  of  acid  and  repeat  the  boiling.  Exam¬ 
ine  the  crystals  of  hemin  (hematin  hydrochloride)  under  the 
microscope  and  draw.  The  crystals  are  brownish-red  rhomboids. 

This  test  is  one  of  the  best  methods  for  detecting  small  quan¬ 
tities  of  blood  in  bloodstains.  Bloodstains  on  cloth  are  soaked 
in  distilled  water  or  alkali,  the  solution  evaporated  and  treated 
as  above.  The  formation  of  hemin  crystals  is  an  absolute  proof 
of  the  presence  of  blood;  it  does  not,  however,  distinguish  be¬ 
tween  the  blood  of  man  and  that  of  other  animals.  The  final 
proof  that  a  bloodstain  has  come  from  a  human  subject  is  ob¬ 
tained  by  agglutination  and  hemolysis  tests. 

Globin. — The  globin  constituent  of  hemoglobin  may  be  dem¬ 
onstrated  as  follows:  Corpuscles  are  washed  2  or  3  times  with 
isotonic  salt  solution,  the  corpuscles  being  separated  from  the 
liquid  each  time  by  centrifuging.  A  small  quantity  of  the 
washed  corpuscles  is  then  placed  in  a  test  tube,  a  small  amount 
of  alcohol  and  of  hydrochloric  acid  added  and  the  mixture 
heated  on  the  water  bath.  The  liquid  turns  a  dark  brown  color 
due  to  the  formation  of  acid  hematin,  and  a  precipitate  forms 
which  consists  of  the  globin.  This  may  be  filtered  off,  and  it 
will  be  found  to  give  the  usual  protein  color  tests. 

Hemoglobin,  although  crystallizing  readily,  has  the  colloidal 
characteristic  of  not  diffusing  through  an  animal  membrane. 

.  Determination  of  Urea  in  Blood  Filtrate.— Transfer  5  c.c. 
of  the  tungstic  acid  blood  filtrate  to  a  clean  and  dry  p\  rex  test  j 
tube  (capacity  about  75  c.c.).  The  graduated  pyrex  tubes 
recommended  for  the  nonprotein  nitrogen  determination  should 
never  be  used  for  urea  determinations,  because  they  have  con¬ 
tained  Nessler  solutions  and  Nessler  solutions  leave  behind  films 
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of  mercury  compounds  which  destroy  the  urease.  If  those  tubes 
must  be  used,  they  should  first  be  washed  with  nitric  acid  to 
remove  the  mercury  films.  \Add  to  the  blood  filtrate  two  rops 
of  the  buffer  solution  described  in  the  method  for  urea  in  urine 
(Folin),  or  two  drops  of  a  molecular  o-phosphate  solution  (/^ 
molecular  monosodium  phosphate  plus  %■  molecular  disodium 
phosphate).  Then  add  0.5  to  1  c.c.  of  the  urease  solution  de¬ 
scribed  in  the  method  for  urea  in  urine  (Folin)  and  immerse 
the  test  tube  in  a  beaker  of  warm  water  and  leave  it  there  foi 
5  minutes.  The  temperature  of  the  water  should  not  exceed  55° 
or  15  minutes  at  room  temperature.  The  ammonia  formed  may 
be  conveniently  and  quickly  aerated  into  a  second  test  tube. 
Add  a  little  paraffin  oil.  One  or  2  c.c.  of  saturated  borax  solu¬ 
tion  are  added  and  the  ammonia  is  aspirated  into  a  test  tube 
graduated  at  25  c.c.  and  containing  2  c.c.  of  0.05  normal  hydro¬ 
chloric  acid.  The  two  test  tubes  are  connected  on  the  same  prin¬ 
ciple  as  the  cylinder  and  bottle  shown  in  Fig.  79.  Run  the  air 
current  slowly  for  one  minute  and  then  rapidly  for  10-15  min¬ 
utes.  Rinse  the  delivery  tube,  dilute  to  about  20  c.c.  and  add 
2.5  c.c.  of  the  Nessler  solution.  Fill  to  the  25  c.c.  mark  and 
compare  in  the  colorimeter  with  a  standard  containing  0.3  mg. 
of  N  in  a  100  c.c.  flask  and  Nesslerized  with  10  c.c.  of  the  Nessler 
solution.^  The  standard  and  unknown  should  always  be  Nessler¬ 
ized  as  nearly  simultaneously  as  practicable. 

Blood  Creatinine. — Transfer  25  c.c.  of  saturated  picric  acid 
solution  to  a  small,  clean  flask,  add  5  (or  10)  c.c.  of  10%  so¬ 
dium  hydroxide,  and  mix.  Transfer  10  c.c.  of  blood  filtrate  to  a 
small  flask  or  to  a  test  tube,  transfer  5  c.c.  of  the  standard  creat¬ 
inine  solution  described  below  to  another  flask,  and  dilute  the 
standard  to  20  c.c.  Then  add  5  c.c.  of  the  freshly  prepared  alka¬ 
line  picrate  solution  to  the  blood  filtrate,  and  10  c.c.  to  the  di¬ 
luted  creatinine  solution.  Let  stand  for  8  to  10  minutes.  The 
color  comparison  should  be  completed  within  15  minutes  from 
the  time  the  alkaline  picrate  was  added;  it  is  therefore  never 
advisable  to  work  with  more  than  one  blood  filtrate  at  a  time. 

When  the  amount  of  blood  filtrate  available  for  the  creatinine 
determination  is  too  small  to  permit  repetition  it  is  of  course 
advantageous  or  necessary  to  start  with  more  than  one  standard 
If  a  high  creatinine  should  be  encountered  unexpectedly  without 
several  standards  ready,  the  determination  may  be  saved  by 
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diluting  the  unknown  with  an  appropriate  amount  of  the  alka¬ 
line  pierate  solution  using  for  such  dilution  a  picrate  solution 
fiist  diluted  with  two  volumes  of  water — so  as  to  preserve  equal¬ 
ity  between  the  standard  and  the  unknown  in  relation  to  the  con¬ 
centration  of  picric  acid  and  sodium  hydroxide. 

One  standard  creatinine  solution,  suitable  both  for  creatinine 
and  for  creatine  determinations  in  blood,  may  be  made  as  fol¬ 
lows:  Transfer  to  a  liter  flask  6  c.c.  of  the  standard  creatinine 
solution  used  for  urine  analysis  (which  contains  6  mg.  of 
creatinine)  ;  add  10  c.c.  of  normal  hydrochloric  acid,  dilute  to 
the  mark  with  water,  and  mix.  Transfer  to  a  bottle  and  add 
four  or  five  drops  of  toluene  or  xylene.  Five  c.c.  of  this  solution 
contain  0.03  mg.  of  creatinine,  and  this  amount  plus  15  c.c.  of 
water  represents  the  standard  needed  for  the  vast  majority  of 
human  bloods,  for  it  covers  the  range  of  1  to  2  mg.  per  100  c.c. 
In  the  case  of  unusual  blood  specimens  representing  retention  of 
creatinine,  take  10  c.c.  of  the  standard  plus  10  c.c.  of  water, 
which  covers  the  range  of  2  to  4  mg.  of  creatinine  per  100  c.c.  of 
blood;  or  15  c.c.  of  the  standard  plus  5  c.c.  of  water  by  which 
4  to  6  mg.  can  be  estimated.  By  taking  the  full  20  c.c.  volume 
from  the  standard  solution  at  least  8  mg.  may  be  estimated;  but 
when  working  with  such  blood  it  is  well  to  consider  whether  it 
may  not  be  more  advantageous  to  substitute  5  c.c.  of  blood 
filtrate  plus  5  c.c.  of  water  for  the  usual  10  c.c.  of  blood  filtrate. 

Determination  of  Creatine  Plus  Creatinine. — Transfer  5  c.c. 
of  blood  filtrate  (or  preferably  deproteinized  serum)  to  a  test 
tube  graduated  at  25  c.c.  Add  1  c.c.  of  normal  hydrochloric 
acid.  Cover  the  mouth  of  the  test  tube  with  tin  foil  and  heat 
in  the  autoclave  to  130°  for  20  minutes  or  to  155°  for  10  min¬ 
utes.  Cool.  Add  5  c.c.  of  the  alkaline  picrate  solution  and  let 
stand  for  8  to  10  minutes,  then  dilute  to  25  c.c.  The  standard 
solution  required  is  10  c.c.  of  creatinine  solution  in  a  50  c.c. 
volumetric  flask.  Add  2  c.c.  of  normal  acid  and  10  c.c.  of  the 
alkaline  picrate  solution  and  after  10  minutes  standing  dilute 
to  50  c.c.  The  preparation  of  the  standard  must  of  course  have 
been  made  first  so  that  it  is  ready  for  use  when  the  unknown  is 

ready  for  the  color  comparison. 

In  the  case  of  uremic  blood  containing  large  amounts  of  creat¬ 
inine,  1,  2,  or  3  c.c.  of  blood  filtrate,  plus  water  enough  to  make 
approximately  5  c.c.,  are  substituted  for  5  c.c.  of  the  undiluted 
filtrate.  Normal  blood  contains  6  mg.  per  100  c.c. 
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\  Determination  of  Uric  Acid  in  Blood. 

fifteen  per  cent  sodium  cyanide  solution\  in  0.1  N  sodium 
hydroxide.  The  sodium  hydroxide  is  added  only  to  increase  the 

keeping  quality  of  the  cyanide. 

v Standard  stock  solution  of  uric  acidjor  urine  is  used.  Trans¬ 
fer  1  c.c.,  containing  1  mg.  of  uric  acid,  to  a  250  c.c.  volumetric 
flask.  Half  fill  the  flask  with  water;  then  add  10  c.c.  of  two- 
thirds  normal  sulphuric  acid,  and  1  c.c.  (but  no  more)  of 
formalin.  Dilute  to  the  mark  with  water  and  mix.  This  solu¬ 
tion  should  keep  for  at  least  a  month.  Use  5  c.c.,  containing 
0.02  mg.  of  uric  acid,  for  each  determination. 

Fill  a  500  c.c.  beaker,  or  better,  a  pyrex  1  liter  beaker,  two- 
thirds  full  with  water  and  heat  to  boiling. 

Transfer  the  15  per  cent  sodium  cyanide  to  a  burette. 

Transfer  5  c.c.  of  blood  filtrate  (or  preferably  deproteinized 
serum)  to  a  test  tube  graduated  at  the  25  c.c.  mark  and  trans¬ 
fer  5  c.c.  of  the  standard  (diluted)  uric  acid  solution  to  another 
similar  graduated  test  tube. 

Add  to  each  test  tube  exactly  1  c.c.  of  uric  acid  reagent,  2  to 
4  drops  of  20%  lithium  sulphate  solution,  and  2  c.c.  of  water ; 
then  add,  with  gentle  shaking,  exactly  2  c.c.  of  the  cyanide  solu¬ 
tion  (from  a  burette)  ;  let  stand  at  room  temperature  for  two 
minutes,  and  then  transfer  to  the  boiling  water.  Heat  for  3 
minutes,  cool  under  running  water  or  in  a  beaker  of  cold  water, 
fill  up  to  the  mark,  mix,  and  make  the  color  comparison.^ 

If  the  blood  filtrate  contains  more  than  0.4  mg.  repeat  the 
determination  with  3  c.c.  of  blood  filtrate  (+  2  c.c.  of  water). 
If  the  blood  filtrate  contains  less  than  0.01  mg.  repeat  the  de¬ 
termination  with  10  c.c.  of  filtrate  and  5  c.c.  of  the  standard 
(+  5  c.c.  of  water). 

The  simple  process  described  above  gives  substantially  cor¬ 
rect  values  for  the  uric  acid  content  of  blood.  Theoretically  it 
should  give  too  high  values  because  the  uric  acid  has  not  been 
separated  from  certain  other  (mostly  unknown)  products  in 
blood  which  give  the  same  color  reaction  as  uric  acid.  Under 
the  conditions  given  (heat,  weak  alkalinity,  and  sodium  cyanide 
as  the  only  alkali)  the  color  given  by  uric  acid  is,  however 
increased  very  much  (10  to  12  times)  and  the  color  formerly 

obtained  from  other  products  in  the  blood  is  practically  elimi- 
nated. 
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Determination  of  Plasma  Proteins.— The  proteins  of  blood 
plasma  can  be  divided  into  three  fractions  by  salting  out  with 
ammonium  sulphate.  The  protein  which  precipitates  from  a 
25%  saturated  ammonium  sulphate  solution  is  called  fibrinogen; 
that  which  precipitates  from  a  solution  50%  saturated  with 
ammonium  sulphate  is  called  globulin.  The  protein  which  re¬ 
mains  after  this  treatment  is  called  albumin.  It  should  be 
realized  that  probably  no  one  of  these  fractions  represents  a 
pure  protein  species.  The  globulin  fraction  is  sometimes  sepa¬ 
rated  into  that  fraction  soluble  in  distilled  water  (pseudo¬ 
globulin)  and  that  fraction  which  is  insoluble  in  distilled  water 
(euglobulin). 

Phenols  and  other  reducing  agents  reduce  phosphotungstates 
and  phosphomolybdates  to  form  compounds  having  a  blue  color. 
The  Folin-Denis  phenol  reagent  is  essentially  a  solution  of 
phosphomolybdic  and  phosphotungstic  acids;  in  alkaline  solu¬ 
tion  it  is  reduced  by  phenols  and  various  other  reducing  agents. 
Proteins  which  contain  tyrosine  and/or  tryptophan  reduce  the 
Folin-Denis  reagent,  and  the  color  thus  formed  can  be  used  for 
the  colorimetric  determination  of  plasma  proteins. 

Reagents. — 

\  Ammonium  sulfate  solutions.  \ 

(a)  Saturated  ammonium  sulphate  solution.  Saturate  dis¬ 
tilled  water  with  ammonium  sulphate.  Filter  before 
use. 

(b)  50%  saturated  ammonium  sulphate  solution.  Dilute  the 
above  with  1  volume  of  distilled  water. 

(c)  25%  saturated  ammonium  sulphate  solution.  Dilute  1 
volume  of  filtered  saturated  ammonium  sulphate  solution 
with  3  volumes  of  distilled  water. 

1 20%  trichloracetic  acid  solution. 

15  N  sodium  hydroxide  solution. 

Tyrosine  standard  solution.  Dissolve  0.2  g.  tyrosine  in  enough 
0.1  N  hydrochloric  acid  to  make  a  volume  of  1  liter. 

1 %  gliatti  gum  solution. 

Saturated  sodium  carbonate  solution.  Saturate  distilled  wa¬ 
ter  with  sodium  carbonate.  Filter  before  use. 

Phenol  reagent. \ Folin  and  Ciocalteu  procedure:  Transfer  100 
g.  of  Na2W04.2II20  and  25  g.  of  Na2Mo04.2H20,  together  with 
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700  c.c.  of  water,  to  a  1500  c.c.  flask.  Add  50  c.c.  of  85%  phos¬ 
phoric  acid  and  100  c.c.  of  concentrated  hydrochloric  acid.  Con¬ 
nect  with  a  reflux  condenser  by  means  of  a  cork  or  rubber  stopper 
wrapped  in  tin  foil,  and  boil  gently  for  10  hours.  At  the  end 
of  the  boiling  period  add  150  g.  of  lithium  sulphate,  50  c.c.  of 
water,  and  a  few  drops  of  liquid  bromine.  Boil  the  mixture, 
without  the  condenser,  for  about  15  minutes  to  remove  excess 
bromine.  Cool,  dilute  to  liter,  and  filter.  The  finished  reagent 
should  have  no  greenish  tint,  as  this  will  lessen  the  range  of 
true  proportionality  between  different  small  amounts  of  tyrosine 
or  tryptophan.  The  reagent  should  be  kept  well  protected 
against  dust,  as  organic  materials  will  gradually  produce  slight 
reductions. 

Procedure^- Place  1  c.c.  of  plasma  in  a  centrifuge  tube,  and 
add  2  c.c.  of  water  and  1  c.c.  of  saturated  ammonium  sulphate 
solution.  Shake.  After  10  minutes,  centrifuge  and  decant  the 
supernatant  fluid  from  the  fibrinogen  into  a  dry  test  tube.i 
(If  a  film  of  fibrinogen  floats  on  top,  it  is  possible  to  manipu¬ 
late  the  tube  so  that  it  sticks  to  the  side  of  the  centrifuge  tube.) 

^Add  5  c.c.  of  25%  saturated  ammonium  sulphate  solution  to 
the  fibrinogen  precipitate,  mix,  and  centrifuge.  Pour  off  and 
discard  the  supernatant  liquid.  Invert  the  tube  so  it  will  drain. 

Pipette  1  c.c.  of  the  supernatant  fluid  from  the  first  fibrinogen 
centrifugation  into  a  centrifuge  tube,  add  0.5  c.c.  of  distilled 
water,  and  1  c.c.  of  saturated  ammonium  sulphate  solution. 
This  brings  the  solution  to  half  saturation.  Allow  to  stand 
2  hours  at  room  temperature  or  15  minutes  at  40°.  Centrifuge 
and  decant  the  supernatant  fluid  from  the  globulin  precipitate 
into  a  dry  test  tube,  as  above.  Wash  the  globulin  precipitate 
once  with  a  c.c.  of  o0%  saturated  ammonium  sulphate  solution. 
Invert  the  tube  and  allow  to  drain. 

Dissolve  the  fibrinogen  and  globulin  precipitates  in  3  c.c.  of 
distilled  water  each. 

Pipette  1  c.c.  (or  2  c.c.  if  the  albumin  is  expected  to  be  low) 
ol‘  the  fluid  decanted  from  the  globulin  precipitate  into  a  third 
centrifuge  tube.  Add  2  c.c.  of  distilled  water.  Add  1  c.c.  of 
trichloracetic  acid  solution  to  each  of  the  protein  solutions  mix 
well,  and  centrifuge.  Pour  off  the  fluid  and  drain  the  tubes 
Blow  from  a  pipette  2  c.c.  of  distilled  water  into  each  of  the 
tubes  m  such  a  manner  as  to  cause  a  dispersion  of  the  protein. 
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When  the  protein  is  thoroughly  dispersed,  add  1  drop  of  15  N 
sodium  hydroxide  to  each  tube  to  cause  solution. 

Note:  If  the  experiment  cannot  be  finished  in  1  lab¬ 
oratory  period,  stopper  the  tubes  at  this  point,  and  com¬ 
plete  the  analysis  at  the  next  laboratory  period. 

Transfer  each  of  the  protein  solutions  to  a  dry  test  tube 
calibrated  at  10  c.c.  Wash  the  centrifuge  tubes  free  of  protein 
solution  with  5  c.c.  of  distilled  water,  pouring  the  washings 
into  the  calibrated  test  tubes.  Add  1  c.c.  of  ghatti  gum  solu¬ 
tion  and  enough  distilled  water  to  bring  the  volume  of  each  test 
tube  to  10  c.c.  Mix. 

Place  1  c.c.  of  tyrosine  standard  solution  in  a  test  tube  cal¬ 
ibrated  at  10  c.c.  Add  1  c.c.  of  ghatti  gum  solution  and  enough 
distilled  water  to  make  a  volume  of  10  c.c. 

Immerse  all  4  tubes  in  a  water  bath  at  40°.  Add  to  each 
tube  1  c.c.  of  phenol  reagent,  shake,  and  immediately  add  3  c.c. 
of  saturated  sodium  carbonate  solution.  Mix  by  inversion.  Al¬ 
low  tubes  to  remain  in  water  bath.  After  20  minutes,  read  in 
a  colorimeter,  setting  the  unknown  at  1  cm. 

Calculation. — It  has  been  found  by  experiment  that  the  fol¬ 
lowing  calculations  will  give  the  correct  values  for  the  various 
proteins  (R  is  colorimeter  reading  in  cm.). 

g.  of  albumin  per  100  c.c.  of  plasma  =  65  R 

g.  of  globulin  per  100  c.c.  of  plasma  =  17  R 

g.  of  fibrinogen  per  100  c.c.  of  plasma  =  3.55  R 

Determination  of  Cholesterol  in  Blood  (Sacket :  J.  Biol. 
Chem.  64:  203,  1925). — All  apparatus  used  in  this  experiment 
must  be  dry.  To  5  c.c.  of  alcohol-ether  mixture  (3  parts  alcohol 
to  1  part  ether)  contained  in  a  centrifuge  tube  add  slowly  0.1 
c.c.  of  blood  obtained  from  a  finger  puncture  or  0.1  c.c.  plasma. 
Cork  (covered  with  tin  foil)  the  tube  and  shake  it  vigorously 
for  1  minute.  Allow  the  tube  to  remain  in  an  inclined  position 
for  30  minutes  or  until  the  next  laboratory  period.  Rapidly 
centrifuge  and  decant  the  liquid  into  a  100  c.c.  beaker.  Evapo¬ 
rate  the  solvent  just  to  dryness  on  the  steam  or  water  bath.  He- 
move  the  beaker  the  instant  the  solvent  has  evaporated.  Extract 
the  cholesterol  with  1.5  c.c.  chloroform,  allowing  the  solvent 
to  run  down  the  side  of  the  beaker.  Rotate  the  beaker  and 
decant  the  liquid  into  a  5  c.c.  test  tube,  holding  the  tip  of  the 
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beaker  in  contact  with  the  test  tube  until  the  beaker  is  com¬ 
pletely  drained.  Repeat  the  extraction  2  times,  using  1  c.c. 
chloroform.  Introduce  into  a  second  small  test  tube  graduated 
at  5  c.c.,  2.5  c.c.  of  standard  chloroform  solution  of  cholesterol 
(1  c.c.  contains  0.1  mg.  cholesterol).  To  both  standard  and 
unknown  add  1  c.c.  acetic  anhydride,  mix  the  solutions,  and  add 
to  each  3  drops  (0.1  c.c.)  cone,  sulphuric  acid.  Make  each  solu¬ 
tion  to  5  c.c.  volume  with  chloroform,  mix  and  put  them  in  a 
dark  place  for  15  minutes  for  the  color  to  develop.  Compare  the 
colors  in  the  colorimeter,  setting  the  unknown  at  1  cm.  Calcu¬ 
late  milligrams  cholesterol  per  100  c.c.  blood. 

Determination  of  the  Icterus  Index. — The  faint  yellow  color 
of  normal  plasma  or  serum  is  usually  due  to  small  amounts  of 
bilirubin  (0.1-0.25  mg.  per  100  c.c.).  Carotene,  present  in  car¬ 
rots,  butter,  and  certain  other  foods,  may  occasionally  be  pres¬ 
ent.  The  icterus  index  is  a  useful  rough  measure  of  the  bili¬ 
rubin  concentration  of  the  blood.  It  is  defined  as  a  number 
which  represents  the  number  of  times  a  sample  of  plasma  or 
serum  must  be  diluted  to  match  exactly  a  1 : 10,000  solution  of 
potassium  dichromate. 

Either  plasma  or  serum  may  be  used  in  determining  the  ic¬ 
terus  index.  Hemolysis  of  the  blood  from  which  the  plasma  or 
serum  is  obtained  must  be  avoided,  since  the  presence  of  hemo¬ 
globin  greatly  increases  the  color  of  plasma  or  serum. 

Reagents. — 

Physiological  sodium  chloride  solution.  Dissolve  10  g.  of  so¬ 
dium  chloride  in  enough  distilled  water  to  make  a  volume  of  1 
liter. 

Potassium  dichromate  standard.  Dissolve  0.1  g.  of  potassium 
dichromate  and  about  4  drops  of  concentrated  sulphuric  acid 
in  enough  distilled  water  to  make  1  liter. 

Procedure.  Pipette  1  c.c.  of  plasma  into  the  left  cup  of 
colorimeter  and  fill  the  right  cup  with  standard.  Set  both  at 
zero  and  verify  the  match.  Set  left  at  1  mm.  and  match.  The 
mm.  of  standard  is  the  icterus  index. 


CHAPTER  V 


EXPERIMENTS  OF  SPECIAL  INTEREST  TO 
DENTAL  STUDENTS 

Separation  of  Enamel  From  Dentin  and  Cementum  (Arm¬ 
strong).  The  finely  pulverized  whole  tooth  is  suspended  in  a 
liquid  with  a  specific  gravity  intermediate  between  the  den¬ 
sities  of  enamel  and  dentin,  causing  the  heavier  enamel  to  sink 
and  the  lighter  dentin  (and  cementum)  to  float.  The  specific 
gravity  of  dentin  is  2.25  and  that  of  enamel  is  2.75.  We  have 
employed  a  liquid  with  a  density  of  2.5325  degrees.  The  separa¬ 
tory  flask  is  shown  in  Fig.  83.  Bromoform  is  washed  four  times, 
emulsion  is  broken,  and  the  product  is  dried  by  triple  filtration 
through  dry  filter  paper,  the  paper  being  changed  and  the 
apparatus  dried  for  each  filtration.  The  product  has  a  density 
of  2.8825  degrees.  It  is  stored  in  the  dark  and  is  not  used  after 
it  is  one  week  old  without  repurification. 

Fifty  cubic  centimeters  of  the  purified  bromoform  mixed 
with  10  c.c.  of  absolute  alcohol  give  a  mixture  with  density  of 
2.5325  degrees.  This  solution  is  freshly  prepared  each  day  and 
is  protected  from  light. 

The  whole  tooth,  after  cleaning,  is  cracked  to  small  bits  and 
the  pulp  removed.  The  pieces  are  rendered  water-  and  fat- 
free  by  extraction  for  eight  hours  with  an  equal  part  mixture 
of  alcohol  and  ether  in  Soxhlet  apparatus.  The  solvent  reser¬ 
voir  of  the  apparatus  should  contain  a  few  pieces  of  sodium 
hydroxide  in  order  to  insure  that  the  vapors  of  the  solvent 
mixture  shall  contain  no  acids.  Several  teeth  can  be  extracted 
at  one  time  if  the  pieces  of  each  tooth,  together  with  a  label 
written  with  a  pencil,  are  wrapped  in  gauze. 

The  extracted  tooth  particles  are  dried  at  60°  and  examined 
for  overlooked  bits  of  pulp.  The  pieces  are  then  crushed  in  an 
iron  cylinder  with  an  iron  piston,  and  then  pulverized  in  a 
diamond  mortar  until  all  the  material  will  pass  a  100-mesh,  or 

finer,  sieve. 

Part  C  of  the  apparatus  is  filled  with  the  mixture  of  bromo¬ 
form  and  alcohol  (density  2.5325  degrees)  and  Part  B  is  fitted  in- 
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to  position.  The  level  of  the  liquid  should  now  be  about  at  the 
point  marked  with  the  arrow.  Part  A  is  then  fitted  into  posi¬ 
tion.  The  powdered  tooth  is  transferred-  to  the  upper  chamber 
(Part  B)  and  a  quantity  of  the  bromoform-alcohol  mixture 
added  until  the  level  stands  at  a  height  of  about  2  inches  in  Part 
B.  With  the  aid  of  a  stirring  rod  the  powdered  tooth  and 
liquid  are  agitated  until  a  uniform  suspension  results.  The 
sides  of  the  chamber  are  then  washed  with  bromoform-alcohol 
mixture,  added  from  a  medicine  dropper,  until  all  particles  of 
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Fig.  83.  Armstrong  apparatus  for  separating  dentin  and  enamel  in  ground 
specimens  of  dried  tooth.  (J.  Dental  Research  15:  23,  1935  ) 

the  solid  are  floating.  The  apparatus  and  contents  are  allowed 
to  stand  quietly  for  one  hour,  at  the  end  of  which  time  the 
enamel  will  have  collected  at  the  point  marked  with. an  arrow 
(fig.  83-3)  and  the  dentin  (and  cementum)  will  be  floating  in 
or  near  the  surface  of  the  liquid.  Part  A  is  then  gently  lifted 
irom  its  position  and  suspended  at  a  distance  of  about  0.5  inch 
trom  its  seat.  A  split  rubber  stopper  or  a  pinch  clamp  can 
used  to  hold  I  art  A  in  position.  After  15-30  minutes  the 
ename1  will  be  found  to  have  fallen  into  Part  C,  while  the 
<  en  in  (and  cementum)  will  remain  in  Part  B.  Part  A  is  then 
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returned  to  position  (Pig.  83-5)  thus  isolating  the  enamel  and 
dentin  fractions.  All  of  the  above  operations,  so  far  as  possible, 
aie  carried  out  in  the  dark.  (The  separation  may  be  hastened 
by  means  of  the  centrifuge.  Part  C  is  a  microcentrifuge  tube. 
Part  B  retains  its  proportions  but  is  about  the  same  length  as  C 
and  narrow  enough  to  be  inserted  through  a  perforated  cork 
in  the  top  of  C.  Part  A  can  be  dispensed  with.  The  liquid 
and  powder  are  introduced  through  B,  which  is  closed  with  a 
cork.  After  centrifuging,  B  is  removed  so  quickly  that  the 
liquid  and  dentin  do  not  have  time  to  escape.) 

Part  C  is  disconnected  from  the  apparatus  and  the  super¬ 
natant  liquid  is  removed  as  completely  as  possible  with  a  medi¬ 
cine  dropper. 

The  dentin  (and  cementum)  fraction  is  washed  with  alcohol 
or  ether  onto  a  filter  paper  and  washed  several  times  with  the 
solvent.  After  drying  it  is  stored  in  small  vials. 

Analysis  of  Enamel  (Armstrong). — Weigh  by  difference 
about  50  milligrams  of  powder  into  a  dry,  100  c.c.  volumetric 
flask.  Add  20  c.c.  N  IIC1  and  heat  the  flask  in  a  boiling  water 
bath  for  10  minutes.  The  powder  must  be  entirely  dissolved 
at  this  time.  Cool,  add  water  to  mark,  and  mix  the  contents 
of  the  flask. 

Determination  of  Calcium. — Introduce  into  a  conical  15  c.c. 
centrifuge  tube,  2  c.c.  of  tooth  solution,  2  c.c.  of  distilled  water, 
and  1  c.c.  of  4%  ammonium  oxalate  solution.  Mix  thoroughly, 
add  one  drop  of  0.4%  bromcresol  purple  solution.  Add  cone. 
NH4OH,  drop  by  drop,  until  the  solution  is  purple,  and  then 
add  5  N  HC1  until  it  is  yellow.  Heat  the  tube  in  a  boiling 
water  bath  for  10  minutes,  cool  and  adjust  the  acidity  of  the 
solution  to  pH  6.2  with  NH4OH  (1  part  cone.  NH4OH  in  9 
parts  of  water)  and  N  HC1.  Mixing  is  aided  by  holding  the 
tube  at  the  mouth  and  giving  it  a  circular  motion  by  tapping 
the  lower  end.  Let  stand  for  3  hours.  Centrifuge.  Carefully 
pour  off  the  supernatant  liquid,  and  while  the  tube  is  still  in¬ 
verted  let  it  drain  in  a  rack  for  2  minutes,  resting  the  mouth 
of  the  tube  on  a  pad  of  filter  paper.  Stir  up  the  precipitate 
and  wash  the  sides  of  the  tube  with  3  c.c.  of  dilute  ammonia 
(2  c.c.  cone.  NH4OH  to  98  c.c.  of  water)  directed  in  a  very 
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fine  stream,  from  a  wash  bottle.  Centrifuge  for  5  minutes. 
Suck  off  the  supernatant  liquid,  taking  care  not  to  disturb 
crystals  floating  on  the  surface  or  the  precipitate.  Repeat 
washing,  centrifuging,  and  removal  of  the  liquid.  An  appropri¬ 
ate  apparatus  for  removing  the  supernatant  liquid  consists  of 
a  pyrex  test  tube,  a  two-hole  stopper,  and  2  pieces  of  glass 
tubing.  The  tube  entering  the  liquid  should  be  drawn  out  to 
capillary  size.  The  other  glass  tube  is  connected  with  a  piece 
of  rubber  tubing  to  which  suction  can  be  applied  with  the 
mouth.  Add  2  c.c.  N  H2S04  by  blowing  from  a  pipette  directly 
upon  the  precipitate  so  as  to  break  the  mat  and  facilitate  solu¬ 
tion.  Place  tube  in  a  boiling  water  bath  for  1  minute.  Titrate 
with  0.01  N  potassium  permanganate  in  microburette  gradu¬ 
ated  in  0.01  c.c.  to  a  pink  color  which  persists  for  at  least  1 
minute.  If  necessary  during  the  course  of  the  titration,  warm 
the  tube  by  placing  in  a  water  bath  kept  at  70°-75°.  To  insure 
uniform  drainage  the  tubes  should  always  be  cleaned  thoroughly 
by  heating  to  100°  for  a  few  minutes  in  a  cleaning  mixture  made 
by  adding  1,500  c.c.  of  cone,  sulphuric  acid  to  a  solution  of 
200  g.  of  sodium  dichromate  in  600  c.c.  of  water. 

To  prepare  0.01  N  KMn04  dissolve  0.4  g.  in  one  liter  of  dis¬ 
tilled  water  in  a  clean  Florence  flask.  Insert  funnel  covered 
with  a  watch  glass  as  a  condenser  and  digest  for  several  hours 
at  near  the  boiling  point.  Cool,  allow  to  stand  overnight.  Pour 
off  supernatant  liquid  into  a  clean  glass-stoppered  bottle  and 
keep  in  a  dark  place.  Standardize  immediately  before  use 
against  0.01  N  sodium  oxalate.  Dry  highest  purity  sodium 
oxalate  in  an  oven  at  100°-105°  for  12  hours.  Dissolve  0.67  g. 
in  distilled  water,  add  5  c.c.  of  cone,  sulphuric  acid  and  dilute 
to  one  liter.  Mix  well.  Transfer  5  c.c.  of  this  solution  to  a 
pjiex  test  tube,  warm  to  about  <0°,  add  1  c.c.  of  cone,  sul¬ 
phuric  acid,  and  titrate  with  potassium  permanganate  solution. 
One  c.c.  of  0.01  N  KMn04  is  equivalent  to  0.2  mg.  Ca. 

Determination  of  Phosphorus. — Introduce  5  c.c.  of  tooth 
solution  into  a  100  c.c.  beaker.  Add  25  c.c.  of  distilled  water. 
Add  3  drops  bromphenol  blue  solution.  Add  cone.  NH4OII, 
drop  by  drop,  until  the  solution  turns  blue.  Then  add  N  HCl' 
diop  by  drop,  until  solution  becomes  yellow.  Add  10  c  c  of 
strychnine  phosphomolybdate  solution  from  pipette  while  stir- 
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ling.  Allow  to  stand  for  1  hour  at  room  temperature  with 
occasional  stirring.  Filter  through  a  small  Gooch  crucible  which 
has  previously  been  dried  at  110°,  cooled  in  a  desiccator,  and 
weighed.  Wash  beaker  with  25  c.c.  of  ice-cold  5-fold  diluted 
strychnine  molybdate  solution  and  rinse  into  Gooch  crucible. 
The  precipitate  is  then  washed  with  ice-cold  water  until  the 
washings  are  no  longer  acid.  During  the  washing,  as  soon  as 
one  portion  of  fluid  has  been  drawn  through  the  filter,  another 
portion  is  added  or  else  the  suction  is  stopped.  If  suction  is 
continued  without  fluid  in  the  crucible,  the  precipitate  becomes 
divided  by  cracks,  through  which  subsequent  portions  of  wash 
water  will  run,  without  making  contact  with  most  of  the 
precipitate.  It  is  important  to  use  only  gentle  suction  during 
filtration.  A  mercury  air  valve  regulating  the  suction  at  about 
100  mm.  of  mercury  may  be  used  to  advantage.  The  crucible 
is  dried  at  110°  for  1  hour,  cooled  in  a  desiccator,  and  weighed. 
Multiply  weight  increase  by  0.0112  to  obtain  P. 

Molybdate  Solution. — Fifty  grams  of  ammonium  molybdate 
are  dissolved  in  warm  water  and  made  up  to  150  c.c.  The  solu¬ 
tion  is  then  poured  into  450  c.c.  of  nitric  acid  solution  which 
has  been  made  by  mixing  2  volumes  of  concentrated  nitric  acid 
(specific  gravity  1.42)  with  one  volume  of  water. 

Strychnine  Nitrate  Solution. — Three  grams  of  strychnine  ni¬ 
trate  are  made  up  to  200  c.c.  with  water. 

Strychnine  Molybdate  Solution. — One  volume  of  strychnine 
nitrate  solution  is  poured  while  stirring  into  3  volumes  of  the 
molybdate  solution  (fresh  for  each  analysis). 

Carbonate  Determination. — Weigh  out  about  40  mg.  of  enamel 
and  place  in  cup  of  Van  Slyke  volumetric  blood  gas  apparatus. 
Wash  into  apparatus  using  8  one-half  c.c.  quantities  of  water 
(the  mercury  bulb  being  placed  so  there  is  a  slight  negative 
pressure  in  the  apparatus)  regulating  flow  by  top  stopcock, 
until  the  liquid  just  fills  capillary  at  bottom  of  filling  cup. 
Place  1  c.c.  of  water  in  cup  and  by  regulating  top  stopcock  let 
this  flow  into  apparatus  until  only  the  capillary  tube  contains 
water.  The  stopcock  is  then  closed.  Place  1  c.c.  of  water  m 
cup.  By  means  of  a  5  c.c.  pipette  underlay  the  water  with  5 
c.c.  5  N  HC1.  By  opening  the  top  stopcock  run  fluid  into  ap- 
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paratus  until  1  c.c.  remains  in  the  filling  cup;  close  stopcock. 
Then  place  0.2  c.c.  mercury  in  cup  and  let  it  run  in  until  the 
stopcock  bore  is  filled  with  mercury ;  close. 

For  general  directions  of  using  \  an  Slyke  volumetric  blood 
gas  apparatus  see  Peters  and  Van  Slyke:  Quantitative  Clinical 
Chemistry  Methods,  1932,  pages  229-267. 

Determination  of  Magnesium. — Transfer  20  c.c.  of  tooth  solu¬ 
tion  to  a  100  c.c.  beaker.  Add  2  drops  of  methyl  red  indicator 
and  1  c.c.  N  oxalic  acid  (63  grams  oxalic  acid  to  make  one  liter). 
Heat  to  boiling  and  add  N  NH4OH  (cone.  NH4OH,  70  c.c.  to 
make  one  liter)  slowly  while  stirring  until  solution  is  yellowish 
pink.  Then  add  very  dilute  HC1,  drop  by  drop,  until  solution 
is  light  pink  in  color.  Digest  for  three  hours  on  a  steam  bath. 
Cool  and  filter  through  filter  paper  (C.  S.  &  S.  blue  ribbon). 
Wash  beaker  and  filter  with  four  10  c.c.  portions  of  0.1  N 
NH40H.  Evaporate  filtrate  to  7.5  c.c.  Transfer  to  a  50  c.c. 
pointed  centrifuge  tube,  washing  beaker  with  small  portions  of 
water  so  the  final  volume  is  not  over  15  c.c.  Add  2  drops  5  N 
HC1  and  0.5  c.c.  3  M  phosphoric  acid  (346  g.  85%  phosphoric 
acid  to  make  one  liter).  Add  9  N  NH4OH  slowly,  at  same  time 
shaking  the  tube  until  solution  turns  yellow;  then  add  2  c.c. 
more.  Shake  well.  Wash  down  sides  of  tube  with  water  and 
make  volume  to  20  c.c.  Let  stand  overnight,  preferably  in  a 
refrigerator.  Next  day  add  3  N  NH40H  to  40  c.c.  mark.  Cen¬ 
trifuge  at  high  speed  for  10  minutes.  Suck  off  all  but  0.5  c.c. 
of  the  supernatant  liquid,  taking  care  not  to  disturb  any  crystals 
floating  on  the  surface.  Again  add  3  N  NH4OH  to  40  c.c.,  cen¬ 
trifuge  and  repeat,  washing  twice.  Add  3  c.c.  of  20%  trichlor¬ 
acetic  acid.  Transfer  to  a  50  c.c.  volumetric  flask.  Add  10  c.c. 
of  molybdate  solution,  5  c.c.  of  20%  sodium  sulphite  solution, 
and  5  c.c.  0.5%  hydroquinone  solution,  and  fill  to  mark.  At 
the  same  time  prepare  a  standard  containing  0.05  mg.  P  and 
treat  similarly.  Read  in  colorimeter,  setting  unknown  at  30  mm. 

Reading  of  known  24  100 

30  x  °'05  x  31  x  ~2Q  =  of  Mg  in  sai«ple. 


Phosphate  Standard.— Dry  pure  KH2P04  at  100°-105°  for 

Wei5h  °Ut  0,4394  gram-  Dissolve  in  distilled  water 
end  dilute  to  one  liter.  Preserve  with  chloroform.  Place  10  c.c. 
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in  a  100  c.c.  volumetric  flask,  and  make  to  mark.  Five  cubic 
centimeters  contain  0.05  mg.  P. 

Molybdate  Solution. — Twenty-five  g.  of  ammonium  molybdate 
are  dissolved  in  300  c.c.  of  water.  To  this  are  added  200  c.c.  of 
water  containing  75  c.c.  of  cone,  sulphuric  acid. 

Hydroquinone  Solution. — Five-tenths  g.  of  hydroquinone  is 
dissolved  in  100  c.c.  of  water  and  a  drop  of  cone,  sulphuric  acid 
to  retard  oxidation.  It  is  best  kept  in  a  refrigerator. 

Iron. — Add  hydrochloric  acid  and  potassium  ferrocyanide 
to  the  liquid  to  be  tested.  In  the  presence  of  iron  “Prussian 
blue”  is  formed.  A  small  amount  of  Prussian  blue  in  the  solu¬ 
tion  may  result  only  in  a  green  color,  due  to  a  combination  of 
blue  with  the  yellow  already  present  in  the  solution.  A  green 
color  may  thus  be  taken  to  indicate  a  trace  of  iron.  If  more 
than  a  trace  of  iron  is  present  a  precipitate  will  form.  Com¬ 
pare  with  a  blank  test  on  the  reagents  used.  If  iron  is  found, 
remember  that  it  may  have  come  from  the  hemoglobin  of  the 
blood  present  in  traces  in  the  tissues. 

Sodium. — Use  the  filtrate  from  magnesium  precipitation. 
Make  sure  that  all  magnesium  has  been  removed  by  adding  a 
few  drops  of  ammonium  phosphate.  Divide  the  filtrate  into  two 
portions  and  reserve  one  for  the  potassium  test. 

To  test  for  sodium,  add  potassium  hydroxide,  a  few  drops  at 
a  time,  and  warm  in  an  evaporating  dish  until  all  the  ammonia 
has  been  driven  off.  (Test  by  holding  over  the  dish  a  piece  of 
phenol  red  paper  moistened  with  distilled  water.)  Pour  into 
a  watch  glass  and  concentrate  on  the  steam  bath  to  about  V2  c-c- 
There  should  be  no  solid  material  present  when  the  process  is 
stopped.  If  solid  material  has  appeared  in  the  liquid,  the  con¬ 
centration  has  been  carried  too  far,  and  the  solid  should  be  dis¬ 
solved  up  by  the  cautious  addition  of  water  drop  by  drop,  stir¬ 
ring  the  mixture  with  a  glass  rod.  Add  a  few  drops  of  potas¬ 
sium  pyroantimonate  solution. 

Potassium  Pyroantimonate  K2H2Sb207. 

Two  grams  of  K.H2Sb207  are  added  to  100  c.c.  of  boiling 
water  the  mixture  is  boiled  until  the  salt  is  dissolved,  and  the 
solution  quickly  cooled.  Three  c.c.  of  10%  KOH  solution  is 
added  to  it  to  render  the  reagent  alkaline.  If  sodium  is  pres- 


EXPERIMENTS  FOR  DENTAL  STUDENTS 


427 


ent  a  fine  white  granular  precipitate  will  form  in  the  course 
of  a  few  minutes  and  stick  to  the  glass.  This  test  must  be  made 
in  neutral  or  alkaline  solution.  If  no  precipitate  is  visible, 
observe  carefully  in  a  good  light.  Rotate  the  watch  glass  care¬ 
fully  so  that  small  particles  of  pericipitate  will  collect  in  the 
center.  It  often  is  possible  to  hasten  the  formation  of  a  precipi¬ 
tate  by  rubbing  the  inside  of  the  containing  vessel  with  a  glass 

rod. 

Potassium. — From  the  portion  of  the  liquid  reserve  for  the 
potassium  test,  remove  ammonia,  but  use  sodium  hydroxide  in¬ 
stead  of  potassium  hydroxide.  Add  glacial  acetic  acid  until 
the  liquid  is  acid  to  litmus.  Now  add  2-3  drops  of  sodium 
cobaltinitrite  solution.  One  hundred  grams  of  NaN02  are  dis¬ 
solved  in  200  c.c.  of  water,  and  to  this  solution  50  c.c.  of  6-molar 
acetic  acid  and  10  grams  of  Co(N03)2.6  aq.  are  added.  After 
a  day  or  two  the  solution  is  filtered  from  any  precipitate, 
K2Na[Co(N02)6].  aq.  and  diluted  to  400  c.c.  In  the  presence 
of  potassium  a  yellow  crystalline  precipitate  forms  at  once. 

Titration  of  the  Alkaline  Reserve  (Bicarbonate)  of  the 
Saliva. — Chew  a  small  piece  of  paraffin  and  collect  about  25 
c.c.  of  saliva.  Filter  through  a  small  plug  of  absorbent  cotton 
placed  in  the  bottom  of  a  funnel.  Into  each  of  two  200  c.c. 
Pyrex  flasks  measure  with  a  pipette  10  c.c.  of  the  filtered  saliva. 
Add  10  c.c.  of  distilled  water  and  5  drops  of  phenol  red  to  each 
flask.  One  of  these  flasks  is  to  serve  as  a  color  standard.  It 
should  be  stoppered  tightly.  To  the  other  flask  add  5  c.c.  of  0.1 
A  hydrochloric  acid.  Place  in  a  rotating  apparatus  which  is  so 
arranged  that  a  stream  of  C02-free  air  may  be  blown  through 
the  flask  while  it  is  being  rotated  by  the  motor.  Rotate  for  five 
minutes,  blowing  C02-free  air  through  the  flask.  Titrate  the 
contents  of  the  flask  with  0.1  A  sodium  hydroxide  until  the  color 
matches  as  nearly  as  possible  the  color  in  the  flask  reserved  as  a 
standard.  As  the  titration  process  results  in  the  dilution  of  the 
unknown,  approximately  an  equivalent  amount  of  distilled  wa¬ 
ter  should  be  added  to  the  standard  flask  before  the  titration  is 
completed.  Subtract  the  titration  figure  from  the  amount  of 
HC1  originally  added  (5  c.c.).  The  remainder  represents  the 
volume  of  acid  neutralized  by  the  alkali  (bicarbonate)  of  the 
saliva.  Calculate  the  amount  which  would  have  been  neutralized 
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by  100  c.c.  of  saliva  (the  alkaline  reserve).  The  bicarbonate  of 
the  saliva  tends  to  neutralize  any  strong  acid  taken  into  the 
mouth.  C02  is  given  off,  and  the  pH  of  the  solution  remains 
practically  unchanged,  provided  too  much  acid  has  not  been 
added. 

Conjugated  Proteins 

These  compounds  are  made  up  of  protein  combined  with  some 
other  substance  or  substances.  The  nonprotein  portion  is  called 
the  prosthetic  group : 

Glycoproteins. — These  proteins  are  characterized  by  a  high 
content  of  a  carbohydrate  derivative,  usually  glucosamine.  They 
are  usually  divided  into  two  groups:  mucoids  from  the  tissues 
and  mucins  from  the  fluids  and  secretions  of  the  body.  As  these 
substances  are  extremely  difficult  to  purify  even  approximately, 
there  is  much  disagreement  as  to  their  composition  and  prop¬ 
erties. 

Mucin  Precipitation. — Rinse  the  mouth  carefully  with  dis¬ 
tilled  water,  and  collect  a  test  tube  of  saliva.  If  there  appear 
to  be  solid  particles  in  the  liquid  it  should  be  filtered.  Add 
10%  acetic  acid  as  long  as  a  precipitate  forms.  This  precipitate 
is  mucin.  It  is  not  soluble  in  excess  of  the  acid.  Allow  to 
settle,  decant  most  of  the  liquid,  and  if  the  precipitate  is  suf¬ 
ficiently  heavy,  filter  and  use  small  portions  of  the  residue  for 
the  following  tests.  If  the  precipitate  is  very  slight,  use  portions 
of  the  saliva  containing  the  precipitated  mucin  from  which 
most  of  the  clear  supernatant  liquid  has  been  poured  off. 

Color  Tests. — On  a  portion  of  the  mucin  suspended  in  water 
by  the  biuret  and  the  xanthoproteic  tests. 

Hydrolysis. — Hydrolyze  a  portion  of  the  mucin  by  boiling 
with  dilute  HC1,  and,  with  portions  of  the  liquid,  test  for  sul¬ 
phur,  and  for  carbohydrate. 

Potato  Starch. — Pare  a  small  potato  and  with  a  pocket- 
knife  scrape  it  to  a  fine  pulp.  Mix  with  300-400  c.c.  of  distilled 
water  and  whip  up  thoroughly.  Strain  through  a  piece  of 
cheesecloth  to  remove  the  coarse  particles.  The  starch  gran¬ 
ules  will  settle  rapidly  to  the  bottom  of  the  beaker.  Wash  once 
or  twice  by  decantation  and  examine  under  a  microscope.  Draw 
the  granules.  Filter  off  a  portion  and  allow  it  to  dry  in  the 
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Heat  about  75  c.e.  of  distilled  water  to  boiling.  To  this  add 
about  i/2  gram  of  starch  which  has  been  rubbed  to  a  thin  paste 
with  a  small  amount  of  cold  water.  Boil  very  slowly  for  about 
15  minutes,  replacing  water  lost  by  evaporation.  Use  the  re¬ 
sulting  opalescent  solution  for  the  following  tests. 

Iodine  Test.— To  about  half  a  test  tube  of  distilled  water 
add  3-4  drops  of  iodine  solution.  Pour  3-4  drops  of  this  diluted 
solution  into  4-5  c.c.  of  the  starch  solution.  Notice  the  dark 
blue  color.  This  is  due  to  a  starch-iodine  compohnd  formed. 
Iodine  gives  no  color  with  mono-  or  disaccharides.  To  a  starch 
solution  colored  blue  by  iodine  add  2-3  drops  of  dilute  sodium 
hydroxide. 

Warm  the  blue  starch-iodine  solution  and  note  result.  Cool 
under  the  tap. 

Hydrolysis  of  Starch. — Place  about  25  c.c.  starch  solution  in 
an  evaporating  dish,  add  10  drops  of  concentrated  hydro¬ 
chloric  acid  and  boil  gently.  At  intervals  of  about  a  minute  re¬ 
move  a  drop  or  two  of  the  liquid  with  a  glass  rod  and  test  with 
a  drop  of  iodine  solution.  The  starch  is  broken  down  into  dex- 
trins  and  finally  into  simpler  carbohydrates  (maltoses  and  glu¬ 
cose).  When  iodine  no  longer  gives  a  color,  make  the  hydro¬ 
lyzed  starch  solution  alkaline  with  sodium  hydroxide  and  per¬ 
form  Fehling’s  test.  Reduction  indicates  the  maltose  or  glu¬ 
cose  stage. 


Salivary  Digestion 

Rinse  the  mouth  with  distilled  water  and  collect  some  saliva 
by  chewing  a  small  piece  of  paraffin.  Filter  and  note  color,  and 
ti  anspaiencj .  The  saliva  obtained  in  this  way  is  a  mixture  of 
the  secretions  of  the  three  classes  of  salivary  glands.  Its  com¬ 
position  varies  with  the  nature  of  the  stimulus  causing  secretion. 

Note  the  turbidity  which  increases  on  standing  as  a  result 
of  the  precipitation  of  calcium  salts.  Saliva  usually  contains 
epithelial  cells  or  cell  debris.  Test  the  chemical  reaction  of  the 
saliva  with  phenolphthalein,  phenol  red,  and  methyl  orange. 
Saliva  after  exposure  to  air  is  usually  slightly  alkaline,  but  not 
sufficiently  so  to  turn  phenolphthalein  red.  This  indicator  turns 
color  when  the  pH  -  8.5.  Saliva  usually  is  alkaline  to  phenol 
red,  which  changes  color  at  a  pH  of  7  or  about  the  true  neutral 


430 


PHYSIOLOGICAL  CHEMISTRY 


point.  In  case  the  saliva  reacts  acid  to  phenol  red,  it  still  will 
be  alkaline  to  methyl  orange,  which  changes  color  at  a  pH  of 
4.  If  the  saliva  is  collected  in  such  a  manner  as  to  prevent  loss 
of  C02  it  usually  is  slightly  acid  (pH  6.8).  For  more  accurate 
determination  see  the  last  experiment,  below. 

Ptyalin. — This  ferment  acts  on  starch,  breaking  it  down  into 
dextrins,  maltose,  and  isomaltose.  It  may  be  isolated  by  precip¬ 
itation  with  alcohol.  Its  action  may  be  studied,  however,  with¬ 
out  isolation.  Saliva  contains  maltase  and  is  said  to  contain  an 
erepsin,  which  acts  on  peptides.  Its  action,  however,  is  unim¬ 
portant.  Saliva  contains  no  lipase. 

Digestive  Action. — 

On  Starch. — Arrange  6  test  tubes  as  follows : 

a.  6  c.c.  distilled  water  and  a  few  grains  of  raw  starch. 

b.  5  c.c.  water,  1  c.c.  saliva  and  a  few  grains  of  raw  starch. 

c.  1  c.c.  saliva  and  5  c.c.  starch  solution. 

d.  1  c.c.  saliva  and  5  c.c.  starch  solution  and  3  drops  of  10% 
NaOH. 

e.  1  c.c.  saliva  and  5  c.c.  starch  solution  and  5  drops  10% 
HC1. 

f.  Boil  a  few  c.c.  of  saliva  thoroughly  for  three  or  four  min¬ 
utes,  cool,  and  add  1  c.c.  to  5  c.c.  starch  solution. 

Put  all  six  tubes  in  a  beaker  of  water  warmed  to  40°  for 
15  minutes.  Test  each  solution  for  sugar  with  Fehling’s  solu¬ 
tion  and  for  starch  with  iodine.  A  positive  Fehling  indicates 
that  a  portion  of  the  starch  has  been  broken  down  into  a  reduc¬ 
ing  sugar  (maltose  and  isomaltose).  If  the  iodine  test  is  still 
blue,  some  starch  remains.  If  it  is  reddish,  the  solution  contains 
dextrin.  If  iodine  gives  no  color,  the  material  has  all  passed 
to  the  achroodextrin  stage  or  beyond. 

Record  the  results  of  your  observations  and  draw  conclusions 
as  to  the  conditions  under  which  ptyalin  will  digest  starch. 

Effect  of  Cooling.— Place  a  test  tube  containing  saliva  in  a 
freezing  mixture  for  a  few  minutes.  Cool  5  c.c.  of  starch  solu¬ 
tion  in  a  separate  test  tube.  Add  1  c.c.  of  the  saliva  to  5  c.c. 
starch  solution  and  leave  in  a  freezing  mixture  for  15  minutes. 
In  a  portion,  test  for  sugar  with  Fehling’s  solution.  If  tie 
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solutions  have  been  well  cooled,  little  or  no  digestion  will  have 
taken  place,  at  least  much  less  than  a  body  temperature. 

The  most  favorable  reaction  for  ptyalin  digestion  is  a  very 
weak  acidity  pH  =  6.  A  pH.  of  4  is  sufficient  acid  to  stop  its 
action.  The  acidity  of  the  contents  of  tube  number  5  above 
should  be  sufficient  to  destroy  ptyalin. 

On  Cane  Sugar. — Add  saliva  to  a  few  c.c.  of  cane  sugar  solu¬ 
tion.  Digest  at  40°  for  15  minutes  and  test  with  Fehling’s  solu¬ 
tion.  Does  saliva  contain  an  invertase? 

Progress  of  Digestion  by  Ptyalin. — To  50  c.c.  of  starch  solu¬ 
tion  add  10  c.c.  of  saliva.  Digest  at  40°  and  at  intervals  of  a 
minute  or  two,  remove  a  few  drops  and  test  with  iodine.  From 
the  results  of  the  iodine  test,  record  the  time  required  in  each 
stage  of  the  digestion  of  starch  to  achroodextrin  under  the  above 
conditions. 

Products  of  Ptyalin  Digestion.— The  dextrins  and  maltose 
produced  by  the  action  of  ptyalin  may  be  isolated  by  precipitat¬ 
ing  the  former  with  alcohol.  In  the  remaining  solution  maltose 
may  be  identified  by  its  reaction  with  Benedict’s  solution  and 
the  preparation  of  its  osazone  with  phenylhydrazine. 

Dextrins. — 

Iodine  Test.  Test  a  solution  of  dextrin  with  a  few  drops  of 
diluted  iodine  solution,  as  under  “starch.”  Refer  to  the  re¬ 
sults  obtained  on  the  hydrolysis  of  starch.  Tiy  the  effect  of 
heat  and  of  alkali  on  the  color  produced  with  iodine. 

Make  a  Fehling’s  Test  on  Dextrin  Solution.— Remember 
that  if  reduction  is  observed  it  may  be  due  to  the  presence  of 
maltose  or  glucose  as  impurities  in  the  dextrin.  In  the  manu¬ 
facture  of  dextrin,  small  amounts  of  maltose  and  glucose  are 
likely  to  be  formed  by  hydrolysis  of  a  portion  of  the  starch 
Pure  dextrin  is  believed  not  to  reduce  Fehling’s  solution 


OH 


h2n/\ 
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pH  of  Saliva. — 4-Nitro-6-amino-guaiacol, 
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used  in  estimation  of  pH  body  of  fluids  with  the  Dubosq  colorim¬ 
eter.  In  estimating  pH  of  urine  or  saliva  Table  XXXIII  is 
used : 


Table  XXXIII 


%  dissociation 

3.0 

3.5 

4.0 

4.5 

5.5 

6.5 

8.0 

9.0 

PH 

4.6 

4.7 

4.8 

4.9 

5.0 

5.1 

5.2 

5.3 

%  dissociation 

11.0 

13.0 

15.0 

17.0 

19.0 

22.0 

25.0 

29.0 

pH 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 

6.1 

%  dissociation 

33.0 

37.0 

42.0 

46.0 

50.0 

54.0 

58.0 

62.0 

pH 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6  9 

%  dissociation 

66.0 

70.0 

74.0 

77.0 

80.0 

83.0 

85.0 

87.0 

pH 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

%  dissociation 

89.0 

91.0 

92.0 

pH 

*  7.8 

7.9' 

8.0 

The  manipulation  of  the  determination  is  the  same  as  for 
pH  of  urine. 
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NUMBER 

ATOMIC 

WEIGHT 

SYMBOL 

atomic 

NUMBER 

ATOMIC 

WEIGHT 

Aluminum 

A1 

13 

26.97 

Molybdenum 

Mo 

42 

95.95 

Antimony 

Sb 

51 

121.76 

Neodymium 

Nd 

60 

144.27 

A  rer  on 

A 

18 

39.944 

Neon 

Ne 

10 

20.183 

Arsenic 

As 

33 

74.91 

Nickel 

Ni 

28 

58.69 

Barium 

Ba 

56 

137.36 

Nitrogen 

N 

7 

14.008 

Beryllium 

Be 

4 

9.02 

Osmium 

Os 

76 

190.2 

Bismuth 

Bi 

83 

209.00 

Oxygen 

O 

8 

16.0000 

Boron 

B 

5 

10.82 

Palladium 

Pd 

46 

106.7 

Bromine 

Br 

35 

79.916 

Phosphorus 

P 

15 

30.98 

Cadmium 

Cd 

48 

112.41 

Platinum 

Pt 

78 

195.23 

Calcium 

Ca 

20 

40.08 

Potassium 

K 

19 

39.096 

Carbon 

C 

6 

12.010 

Praseodymium 

Pr 

59 

140.92 

Cerium 

Ce 

58 

140.13 

Protactinium 

Pa 

91 

231 

Cesium 

Cs 

55 

132.91 

Radium 

Ra 

88 

226.05 

Chlorine 

Cl 

17 

35.457 

Radon 

Rn 

86 

222 

Chromium 

Cr 

24 

52.01 

Rhenium 

Re 

75 

186.31 

Cobalt 

Co 

27 

58.94 

Rhodium 

Rh 

45 

102.91 

Columbium 

Cb 

41 

92.91 

Rubidium 

Rb 

37 

85.48 

Copper 

Cu 

29 

63.57 

Ruthenium 

Ru 

44 

101.7 

Dysprosium 

Dy 

66 

162.46 

Samarium 

Sm 

62 

150.43 

Erbium 

Er 

68 

167.2 

Scandium 

Sc 

21 

45.10 

Europium 

Eu 

63 

152.0 

Selenium 

Se 

34 

78.96 

Fluorine 

F 

9 

19.00 

Silicon 

Si 

14 

28.06 

Gadolinium 

Gd 

64 

156.9 

Silver 

Ag 

47 

107.880 

Gallium 

G  a 

31 

69.72 

Sodium 

Na 

11 

22.997 

Germanium 

Ge 

32 

72.60 

Strontium 

Sr 

38 

87.63 

Gold 

Au 

79 

197.2 

Sulfur 

S 

16 

32.06 

Hafnium 

Hf 

72 

178.6 

Tantalum 

Ta 

73 

180.88 

Helium 

He 

2 

4.003 

Tellurium 

Te 

52 

127.61 

Holmium 

Ho 

67 

164.94 

Terbium 

Tb 

65 

159.2 

Hydrogen 

H 

1 

1.0080 

Thallium 

T1 

81 

204.39 

Indium 

In 

49 

114.76 

Thorium 

Th 

90 

232.12 

Iodine 

I 

53 

126.92 

Thulium 

Tm 

69 

169.4 

Iridium 

Ir 

77 

193.1 

Tin 

Sn 

50 

118.70 

Iron 

Fe 

26 

55.85 

Titanium 

Ti 

22 

47.90 

Krypton 

Kr 

36 

83.7 

Tungsten 

W 

74 

183.92 

Lanthanum 

La 

57 

138.92 

Uranium 

U 

92 

238.07 

Lead 

Pb 

82 

207.21 

Vanadium 

V 

23 

50.95 

Lithium 

Li 

3 

6.940 

Xenon 

Xe 

54 

131.3 

Lutecium 

Lu 

71 

174.99 

Ytterbium 

Yb 

70 

173.04 

Magnesium 

Mg 

12 

24.32 

Yttrium 

Y 

39 

88.92 

Manganese 

Mn 

25 

54.93 

Zinc 

Zn 

30 

65.38 

Mercury 

Hg 

80 

200.61 

Zirconium 

Zr 

40 

91.22 

•Published  by  the  Journal  of  the  American  Chemical  Society. 
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Absorption  spectra,  dark  lines  or  bands  in  the  spectrum  produced  by  ele¬ 
ments  or  compounds. 

Acetoacetic  acid,  /3-keto-butyric  acid  resulting  from  incomplete  metabo¬ 
lism  of  fatty  acids. 

Acetone  bodies,  /3-hydroxy-butyric  and  acetoacetic  acids  and  acetone. 

Acetylcholine,  an  alkaloid  which  lowers  the  blood  pressure  and  increases 
intestinal  movement. 

Achlorhydria,  lack  of  HC1  in  the  gastric  juice. 

Achylia  gastrica,  lack  of  gastric  chyle  or  juice. 

Acid  hematin,  the  protein-free  portion  of  the  blood  pigment  in  acid  solu¬ 
tion. 

Acidosis,  either  an  excess  of  nonvolatile  acid  in  the  blood  or  an  excess 
of  hydrogen  ions.  The  former  is  sometimes  called  compensated 
acidosis  and  the  latter  uncompensated. 

Acrolein  test,  the  formation  of  an  odoriferous  and  irritant  substance, 
acrolein,  by  dehydration  of  glycerol,  either  free  or  iu  the  fat  mole¬ 
cule. 

Acromegaly,  increased  growth  of  the  hands,  feet,  and  lower  jaw  due  to 
excess  growth  hormone  of  the  anterior  hypophysis. 

Adamkiewicz  test,  a  color  reaction  due  to  tryptophan  and  depending  on 
an  aldehyde  impurity  in  the  reagents. 

Adenine,  a  purine  base  derived  from  nucleic  acid. 

Adrenaline,  the  hormone  of  the  adrenal  medulla  situated  above  the  kid¬ 
ney;  causes  the  same  changes  as  stimulation  of  the  sympathetic 
nerves. 

Adsorption,  the  condensation  of  substances  on  the  surface  which  reduce 
the  surface  tension. 

Agar-agar,  the  East  Indian  name  for  a  mucilage  from  red  seaweed. 

Aglucone,  the  nonsugar  group  of  a  glucoside. 

Alanine,  an  amino  acid  from  proteins  yielding  glucose  in  diabetics. 

Albuminates,  metaproteins  formed  by  the  action  of  acid  or  alkali  on  the 
protein  molecule. 

Albuminoids,  modified  proteins  forming  skeletal  or  protective  structures. 

Albumins,  a  group  of  simple  proteins  soluble  in  water. 

Alcaptonuria,  a  disease  characterized  by  homogentisic  acid  in  the  urine 
from  which  a  highly  colored  compound  is  formed. 

Aldol,  a  condensation  product  of  acetaldehyde. 

Alkaline  reserve,  the  excess  base  over  nonvolatile  acid  in  blood  plasma. 

Alkaloidal  reagents,  those  which  precipitate  alkaloids  and  other  sub 
stances. 

Allantoin,  an  oxidation  product  of  uric  acid  found  in  animals  and  plants. 

Alloxan,  a  toxic  pyrimidine  derivative  occurring  in  tissues. 

Amines,  organic  substitution  products  of  ammonia. 

Amino  acids,  amines  carrying  a  carboxyl  group. 
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p-Amino  benzoic  acid,  one  of  the  vitamin  B  complex. 

Amino  sugars,  sugars  in  which  a  hydroxyl  group  is  substituted  by  am¬ 
monia  or  acetyl  amine. 

Amylase,  a  starch-digesting  enzyme. 

Angstrom  unit  (A),  equals  0.1  millimicron  (m/i). 

Anoxemia,  lack  of  oxygen  in  the  blood. 

Antiketogenesis,  the  prevention  of  the  excretion  of  acetone  bodies  by 
increasing  carbohydrate  utilization. 

Apatite,  crystalline  calcium  phosphate  in  which  part  of  the  phosphate 
is  substituted  by  a  halogen,  carbon  dioxide,  or  hydroxyl. 

Arabinose,  a  5-carbon  sugar  obtained  from  gum  arabic. 

Arachidonic  acid,  an  essential  fat  acid. 

Arginine,  an  amino  acid  in  proteins  which  is  essential  in  nutrition. 

Ascorbic  acid  (vitamin  C),  a  substance  preventing  scurvy. 

Aspartic  acid,  an  amino  acid  derived  from  asparagine  or  proteins. 

Bacillus  botulinus,  an  anaerobic  organism  producing  a  deadly  but  thermo- 
labile  toxin. 

Barley  sugar,  noncrystalline  cane  sugar. 

Basal  metabolism,  metabolism  under  basal  conditions  after  a  14-hour  fast 
and  at  least  one-half  hour  rest  in  bed. 

Behenic  acid,  a  straight  chain  fatty  acid  from  behene  oil;  M.W.  340; 
crystallizes  in  tablets  or  needles. 

Bence-Jones  protein,  protein  in  the  urine  of  patients  with  myeloma; 
coagulates  at  60°  and  redissolves  at  100°. 

Benedict-Roth  apparatus,  an  apparatus  for  determining  the  oxygen  con¬ 
sumption  for  the  calculation  of  metabolic  rate. 

Benzoic  acid,  an  aromatic  acid  from  foods,  for  instance,  cranberries; 
relatively  harmless  to  man  and  used  as  an  antiseptic. 

Beriberi,  the  East  Indian  name  for  polyneuritis  due  to  lack  of  vitamin  B. 

Bile  acid,  cholic,  glycocolic,  or  taurocholic  acid  found  in  the  bile. 

Bilirubin,  the  orange-red  bile  pigment. 

Biotin,  a  vitamin. 

Birotation  (Mutarotation) ,  a  change  in  the  optical  rotation  (of  a  sugar 
solution,  for  instance). 

Biuret,  a  compound  of  two  molecules  of  urea  which  gives  a  colored  com¬ 
pound  with  copper  in  alkaline  solution. 

Blood  taking  (hemolysis),  alteration  of  the  blood  corpuscles  so  that 
hemoglobin  and  other  substances  come  out  of  them. 

Blood  plasma,  the  fluid  portion  of  the  blood. 

Blood  platelets,  small  corpuscles  in  the  blood  which  have  to  do  with  blood 
clotting. 

Bomb-calorimeter,  a  strong  chamber  in  which  substances  are  burned  in 
compressed  oxygen  in  order  to  determine  the  heat  of  combustion 

Brushite,  crystalline  CaHP04. 

Buffers,  here  referred  to  as  mixtures  of  a  weak  acid  and  its  salt,  which 
inhibit  changes  in  hydrogen  ion  concentration. 
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Cadaverine,  a  ptomaine  due  to  decarboxylation  of  lysine  by  putrefaction. 

Caffeine,  a  purine  alkaloid  of  coffee  and  tea. 

Calciferol,  vitamin  D2. 

Calorimeter,  an  apparatus  for  the  determination  of  heat  production. 

Cannizzaro  reaction,  the  formation  of  one  molecule  of  alcohol  and  one 
of  acid  from  two  of  aldehyde. 

Carbamino  reaction,  the  combination  of  a  carbonate  with  an  amino  acid 
in  which  the  carbonic  acid  condenses  with  the  amino  group. 

Carbonyl-hemoglobin,  combination  of  carbon  monoxide  with  hemoglobin, 
thus  preventing  its  union  with  oxygen. 

Caries  of  the  teeth,  cavities  communicating  with  the  exterior. 

Camaubic  acid  (M.W.  368),  occurs  in  beef  kidney  and  carnauba  wax. 

Carotene,  a  yellow  terpene  from  carrots  and  other  plants  easily  changed 
by  the  body  into  vitamin  A.  ^carotene  =  y2  potency  of  vitamin  A, 
a-carotene  =  %  potency  of  vitamin  A. 

Casein,  the  chief  protein  of  milk  and  cheese. 

Cataphoresis,  the  transportation  of  charged  particles  through  a  fluid  due 
to  an  electrostatic  field. 

Cephalin  (kephalin),  a  phospholipin  essential  to  blood  clotting. 

Cerebron  (phrenosin),  a  cerebroside  of  the  brain. 

Cerotic  acid  (M.W.  396),  a  fatty  acid  occurring  in  waxes. 

Chaulmoogric  acid,  a  fatty  acid  used  in  the  treatment  of  leprosy. 

Chlorophyll,  the  green  coloring  matter  of  plants. 

Chlorosis,  a  benign  anemia  prevalent  in  girls. 

Cholecystokinin,  a  hormone  emptying  the  gall  bladder. 

Cholesterol,  the  sterol  or  solid  alcohol  of  the  bile. 

Cholic  acid,  bile  acid. 

Choline,  an  alkaloid  formed  by  putrefaction  of  lecithin  causing  stimula¬ 
tion  of  intestinal  movement. 

Chondroitin-sulphuric  acid,  a  complex  substance  from  cartilage  prevent¬ 
ing  gizzard  erosion. 

Chondroproteins,  proteins  from  cartilage. 

Chromoproteins,  colored  proteins,  such  as  hemoglobin. 

Chyme,  the  liquefied  food  mass  of  the  stomach. 

Chymotrypsin,  an  enzyme  from  the  pancreas  which  is  inactive  until  it  is 
activated  by  trypsin. 

Citrulline,  an  amino  acid  formed  by  the  combination  of  carbon  dioxide 
and  ammonia  with  ornithine. 

Clupanodonic  acid  (M.W.  276),  occurs  in  hair  and  other  animal  oils. 

Co-enzyme,  a  thermostabile  substance  necessary  for  enzyme  action. 

Collagen,  white  fibrous  connective  tissue  yielding  gelatin  on  boiling. 

Colloids,  substances  which  have  such  large  particles  in  solution  that  they 
do  not  readily  diffuse. 

Coma,  unconsciousness  from  which  the  patient  cannot  be  aroused  by  ex¬ 
ternal  stimulus.  ‘ 

Conjugated  glucuronates,  compounds  of  glucuronic  acid  and  drugs,  sue  i 

as  camphor,  found  in  the  urine. 
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Corpus  luteum,  a  yellow  body  formed  at  the  site  of  rupture  of  a  Graafian 
follicle  in  the  ovary  which  secretes  two  or  more  hormones. 

Cortin,  the  hormone  of  the  adrenal  cortex. 

Costochondral  junction,  the  union  between  the  end9  of  the  ribs  and  th( 
cartilage. 

Creatine,  methyl  guanidine  acetic  acid;  found  in  muscle  as  phospho 
creatine. 

Creatinine,  the  anhydride  of  creatine;  found  in  the  urine. 

Cretinism,  subnormal  development  due  tc  lack  of  thyroid  hormone. 

Dahllite,  carboapatite,  Ca(OH)2  [Ca3(P04)3]3  from  the  bones  and  teeth. 

Decarboxylase,  an  enzyme  splitting  C02  out  of  the  carboxyl  group. 

Derived  proteins,  split  products  of  natural  proteins. 

Dextrin,  a  split  product  of  starch  which  no  longer  gives  the  blue  color 
with  iodine  but  has  a  larger  molecule  than  glucose  or  maltose. 

Dextrose,  glucose. 

Diabetes  mellitus,  increased  flow  of  urine  containing  glucose  which  gives 
it  the  taste  of  honey. 

Dialuric  acid,  C4H404N2,  derived  from  alloxan. 

Dicoumarone,  an  anticoagulant  from  spoiled  swTeet  clover. 

Digitalis,  the  extract  of  foxglove  containing  glucosides  which  regulate 
heart  action. 

Dihydroxyphenylalanine,  an  oxidation  product  of  tyrosine  produced 
through  the  action  of  tyrosinase. 

Diiodotyrosine,  an  amino  acid  found  in  the  skeleton  of  sea  fans  and 
sponges  and  in  the  thyroid  gland  of  vertebrates. 

Diketopiperazine,  an  anhydride  of  two  molecules  of  oc -amino  acid  with 
the  elimination  of  two  molecules  of  water. 

Disaccharides,  double  sugars  composed  of  two  molecules  of  simple  sugars. 

Donnan  equilibrium,  a  balance  of  electrostatic  forces  between  two  sys¬ 
tems  of  colloids  and  electrolytes  separated  by  a  boundary  imper¬ 
meable  to  the  colloid. 

Eck  s  fistula,  a  surgical  anastomosis  of  the  portal  vein  writh  the  vena 
cava  inferior  or  hepatic  vein,  allowing  the  blood  to  by-pass  the  liver. 

Edema,  the  accumulation  of  excess  watery  fluid  in  tissues. 

Edestin,  a  crystalline  protein  from  the  seeds  of  hemp  and  cotton. 

Elastin,  the  protein  of  yellow  elastic  connective  tissue. 

Endogenous  metabolism,  metabolism  of  the  body  proper  in  counterdis¬ 
tinction  to  the  newly  absorbed  food. 

Energy  exchange,  the  ingo  and  outgo  of  energy,  whether  potential  or 
kinetic. 

Energy  requirements,  the  necessary  potential  energy  to  be  taken  into 
the  body  to  balance  the  energy  output. 

Enterocrinin,  a  hormone  of  intestinal  secretion. 

Enterogastrone,  a  hormone  reducing  gastric  activity. 
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Enterokinase,  an  enzyme  of  the  intestinal  juice  which  combines  with  or 
activates  trypsin. 

Enzymes,  thermolabile  catalysts  or  substances  produced  by  living  matter 
which  speed  up  chemical  reactions. 

Ephedrine,  an  alkaloid  from  ma  huang  which  has  the  same  action  as 
adrenaline. 

Epilepsy,  a  hereditary  disease  of  the  brain  which  can  be  relieved  by 
dehydrating  the  body. 

Erepsin,  an  enzyme  of  the  intestinal  juice  which  acts  on  the  products 
of  tryptic  digestion. 

Ergosterol,  the  solid  alcohol  (sterol)  of  ergot,  yeast,  and  other  fungi 
which,  under  the  action  of  ultraviolet  light,  becomes  vitamin  D. 

Ergot,  the  smut  of  cereal  grains,  a  fungus. 

Ergothioneine,  trimethylthiolhistidine,  a  betaine-derivative  of  ergot. 

Erythema,  a  redness  of  the  skin. 

Esterase,  an  enzyme  speeding  hydrolysis  of  esters. 

Ethereal  sulphates,  compounds  of  sulphuric  acid  with  indole  or  phenol 
derivatives. 

Euglobulin,  a  protein  insoluble  in  water  or  half  saturated  ammonium 
sulphate. 

Exogenous  metabolism,  chemical  changes  in  recently  absorbed  food  in 
the  body,  products  of  which  are  excreted. 

Exophthalmos,  a  protrusion  of  the  eyeball. 

Fats,  acetyl  number,  the  number  of  milligrams  of  KOH  required  to 
neutralize  acetic  acid  obtained  from  1  g.  fat  in  which  the  OH  groups 
have  been  replaced  by  acetyl. 

Fats,  iodine  number,  the  number  of  centigrams  I2  equivalent  to  the 
double  bonds  in  1  g.  fat. 

Fats,  Reichert-Meissl  number,  the  number  of  cubic  centimeters  of  0.1  N 
alkali  required  to  neutralize  volatile  fatty  acids  from  5  g.  fat. 

Fehling’s  test,  reduction  of  cupric  hydroxide  (which  is  stabilized  with 
tartrate)  on  boiling  with  sugar. 

Fibrinogen,  a  globulin  in  blood  plasma  which  changes  to  fibrin  on  clot¬ 
ting. 

Fluorapatite,  CaF2  [Ca,(P04)8]a,  a  crystalline  mineral  of  bones  and  teeth. 

Folic  acid,  one  of  the  vitamin  B  complex. 

Food  accessories,  vitamins. 

Formol  titration,  titration  of  the  carboxyl  groups  of  amino  acids  after 
methylation  of  the  amino  groups. 

Francolite,  a  mixed  fluor-carboapatite,  CaF,CaCO,  [Ca,(T  04)2],.H.,0. 

Fructose,  ketoglucose,  a  simple  sugar  derived  from  hydrolysis  of  cane 

sugar. 

Fruit  sugar,  fructose. 

Furfural,  furane  aldehyde,  an  unsaturated  ring,  derived  especially  from 
pentoses. 
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Galactose,  a  simple  sugar  derived  from  hydrolysis  of  milk  sugar. 

Galactosides,  glycosides  of  galactose;  the  ones  from  the  brain  (cerebro- 
sides)  contain  fatty  acids  and  an  amine. 

Gastrin,  a  hypothetical  hormone  causing  the  stomach  to  secrete. 

Gel,  a  nonfluid  system  of  a  colloid  and  dispersing  medium  (jelly  is  a  gel). 

Gelatin,  a  protein  derived  from  collagen  by  the  action  of  boiling  water. 

Glands  of  Lieberkiihn,  the  glands  which  secrete  the  intestinal  juice. 

Gliadin,  a  prolamin  constituting  60  per  cent  of  the  protein  of  wheat  flour, 
or  rye,  durum,  einkorn,  emmer  or  spelt;  soluble  in  70  per  cent  alcohol. 

Globulins,  simple  proteins  insoluble  in  water  or  half  saturated  (NH4)2S04. 

Glucoproteins,  proteins  yielding  over  10  per  cent  sugar. 

Glucosamine,  glucose  in  which  one  hydroxyl  is  substituted  by  ammonia. 

Glucose,  the  sugar  of  the  blood  (also  arises  from  hydrolysis  of  cane  sugar, 
starch,  glycogen,  and  cellulose). 

Glucosides,  compounds  of  glucose  by  substitution  of  the  hydroxyl  on  the 
first  carbon  (after  ring  formation). 

Glucosuria,  sugar  in  the  urine. 

Glucuronates,  glycosides  of  glucuronic  acid  and  some  drug  (such  as  cam¬ 
phor)  excreted  in  the  urine. 

Glucuronic  acid,  glucose  with  the  sixth  C  atom  oxidized  to  a  carboxyl. 

Glutamic  acid,  the  dicarboxylic  amino  acid  derived  from  gluten  of  wheat 
(and  other  proteins)  and  which  gives  the  flavor  to  oriental  sauces. 

Glutathione,  a  compound  of  glutamic  acid,  cysteine,  and  glycine  (or  two 
such  molecules  united  with  elimination  of  Ha)  which  catalyzes  oxida¬ 
tions  in  the  body. 

Glutelin,  a  protein  forming  40  per  cent  of  wheat  gluten. 

Glycine,  aminoaeetic  acid,  a  sweet  hydrolytic  product  of  gelatin  and 
other  proteins. 

Glycocolic  acid,  a  compound  of  glycine  and  cholic  acid  in  the  bile. 

Glycocoll  (glue  sugar),  glycine. 

Glycogen  (animal  starch),  a  storage  product  of  sugar,  particularly  in  the 
liver  and  muscles. 

Goiter,  an  enlarged  thyroid  gland  in  the  neck. 

Grape  sugar,  glucose. 

Guanine,  a  purine  alkaloid  originally  found  in  “guano”  (the  excrement 
of  birds)  but  also  found  in  nucleic  acid. 

Gums,  soluble  polysaccharides  of  plants. 

Heat  regulation,  maintenance  of  regular  temperature  in  the  interior  of 
the  body,  chiefly  by  control  of  sweating  and  temperature  of  the  skin 
and  to  a  less  extent  by  the  control  of  heat  production. 

Hematin,  the  nonprotein  part  (prosthetic  group)  of  the  blood  pigment. 

Hematoporphyrm,  a  tetrapyrrol  photosynthesizer,  formed  from  hemo¬ 
globin  by  the  action  of  certain  drugs. 

Hemin  test,  the  crystallization  of  hematin-HCl. 

Hemochromogen,  reduced  hematin. 

Hemoglobin,  the  red  pigment  of  the  blood. 
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Hemolysis  (laking),  the  alteration  of  the  blood  corpuscles  so  that  hemo¬ 
globin  and  other  substances  diffuse  out. 

Heparin,  a  substance  related  to  chondroitin-sulphuric  acid  (derived  first 
from  liver)  which  prevents  blood  coagulation. 

Hexoses,  six  carbon  sugars. 

H-ion  concentration,  the  number  of  grams  of  hydrogen  ions  per  liter  (due 
to  the  dissociation  of  either  water  or  acids). 

Hippuric  acid,  a  compound  of  benzoic  acid  and  glycine,  excreted  in  the 
urine. 

Histamine,  decarboxylated  histidine,  a  ptomaine  produced  by  putre¬ 
faction  in  the  gut,  which  when  injected  intravenously,  lowers  the 
blood  pressure  and  causes  the  stomach  to  secrete;  it  is  very  toxic. 

Histidine,  an  essential  amino  acid  abundant  in  histons. 

Histons,  proteins  similar  to  globin  of  hemoglobin  containing  large 
amounts  of  basic  amino  acids  and  often  combined  with  nucleic  acid. 

Hopkins-Cole  test,  a  test  for  tryptophan  using  glyoxylic  acid  as  the 
aldehyde. 

Hormones  (chemical  messengers),  substances  carried  by  the  blood  which 
often  have  the  same  effects  as  the  nerve  impulses;  chemical  regula¬ 
tors  produced  by  the  body. 

/3-hydroxy  a-aminobutyric  acid,  threonine,  an  amino  acid  essential  in 
nutrition,  derived  from  proteins. 

/3-hydroxy  butyric  acid,  an  excretory  product  resulting  from  incomplete 
utilization  of  fatty  acids. 

Hydroxyproline,  an  amino  acid  found  in  proteins. 

Hyperthyroidism,  a  condition  due  to  too  much  thyroid  hormone. 

Hypothyroidism,  low  basal  metabolic  rate,  imperfect  development,  and 
myxedema  due  to  deficiency  of  thyroid  hormone. 

Hypoxanthine,  a  hydroxypurine  occurring  in  the  body. 

Imbibition,  swelling  of  a  colloid  in  water  solution. 

Indican,  indigo-glucoside,  a  term  erroneously  applied  to  indoxyl  sulphuric 
acid. 

Indicators,  weak  acids  or  bases  whose  color  depends  on  hydrogen  ion  con¬ 
centration. 

Indirect  calorimetry,  calculation  of  the  total  heat  production  from  respi¬ 
ration  and  evaporation. 

Indole,  a  ptomaine  from  putrefaction  of  tryptophan. 

Indoxyl-sulphuric  acid,  a  compound  in  which  indole  is  excreted  in  the 
urine,  erroneously  called  indican. 

Insulin,  a  hormone  of  the  pancreas  regulating  carbohydrate  metabolism. 

Intarvin,  fat  from  fatty  acids  with  an  odd  number  of  carbon  atoms. 

Inulin,  a  starch  yielding  fructose  on  hydrolysis,  obtained  from  Jerusalem 

artichokes. 

Inverting  enzymes  (sucrase),  enzymes  causing  hydrolysis  of  cane  sugar. 

Islands  of  Langerhans,  portions  of  pancreas  tissue  not  connected  wit  > 
the  pancreatic  duct  but  secreting  insulin  into  the  blood. 
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Isoelec  eric  point,  the  pH  at  which  an  ampholyte  does  not  migrate  in  an 
electrostatic  field  or  else  migrates  slowly  in  equal  amounts  toward 

the  anode  and  cathode.  # 

Isoleucine  (/3-methyl  ethyl  <x -amino  propionic  acid),  an  amino  acid  from 

proteins. 

Jaffe’s  test,  a  color  reaction  with  picric  acid  for  certain  ring  compounds 
including  creatinine  and  diketopiperazine. 

Jaundice,  presence  of  bilirubin  in  the  blood  and  tissues,  including  the 

whites  of  the  eyes. 

Kerasin,  a  galactoside  of  the  brain. 

Keratin,  an  indigestible  protein  of  epidermis,  hair,  nails,  cornea,  horn, 
feathers,  and  tortoise  shell. 

Ketogenic  ratio,  ratio  of  fatty  acids  to  sugar  or  sugar-producing  sub¬ 
stances  in  the  food. 

Kjeldahl  method,  wet  combustion  of  nitrogenous  organic  substances  in  a 
sulphuric  acid  mixture  in  which  the  nitrogen  remains  as  ammonia 
and  is  determined  as  such. 

Lactacidogen,  hexose  diphosphate  found  in  yeast  and  muscle  plasma. 
Lactase,  an  enzyme  which  hydrolyzes  lactose. 

Lactose  (milk  sugar),  a  disaccharide  of  glucose  and  galactose. 

Lanolin  (wool  fat),  a  mixture  of  fatty  substances  including  esters  of 
cholesterol  and  fatty  acids. 

Lavoisier,  one  of  the  discoverers  of  oxygen;  he  gave  the  name  to  the 
element  and  studied  its  ultilization  by  man. 

Law  of  mass  action,  the  mathematical  relation  of  the  concentration  of  a 
substance  to  its  speed  of  transformation  in  a  chemical  reaction. 
Lecithin,  a  phospholipin  component  of  the  surface  layer  of  all  living 
cells;  important  in  fat  metabolism. 

Lecithoproteins,  hypothetical  compounds  of  lecithin  and  proteins. 
Leucine,  a  widely  distributed  amino  acid,  particularly  abundant  in 
protein  of  corn  meal. 

Levulose,  fructose. 

Lignoceric  acid,  a  fatty  acid  from  sphinomyelin  and  lignite  tar. 
Linolenic  acid,  a  fatty  acid  of  linseed  oil. 

Linoleic  acid,  a  fatty  acid  of  linseed  oil ;  100  mg.  per  day  prevents  fat 
deficiency  in  rats. 

Lipase,  a  fat-splitting  enzyme. 

Lloyd’s  reagent,  especially  selected  fuller’s  earth  for  the  adsorption  of 
alkaloids. 

Lugol  s  solution,  5%  iodine  in  10 °/0  potassium  iodide. 

Lysine,  an  amino  acid  necessary  for  growth  and  the  only  straight  chain 
amino  acid  that  does  not  form  glucose  in  the  diabetic. 

Malt  sugar,  maltose. 

Maltase,  maltose-splitting  enzyme. 

Maltose  (malt  sugar),  a  combination  of  two  molecules  of  glucose. 
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Mannose,  an  isomere  of  glucose  derived  from  mannan  (manna);  absorbed 
slowly  by  the  gut  but  converted  to  glucose  by  the,  liver. 

Metabolism,  chemical  and  energy  changes  in  the  body. 

Metaproteins  (albuminates),  proteins  altered  slightly  by  the  action  of 
acid  or  alkali. 

Methemoglobin,  hemoglobin  with  the  iron  in  the  ferric  form  and  the 
oxTgen  so  combined  that  it  cannot  be  pumped  off  with  the  air  pump. 
It  can  be  reduced  to  hemoglobin  with  chemical  reducing  agents. 

Methionine,  7-methylthiol  oc-aminobutyric  acid  from  proteins. 

Mett  s  tubes,  short  pieces  of  glass  tubing  filled  with  coagulated  egg 
white  used  to  determine  the  rate  of  digestion. 

Microgram  (7),  one  millionth  of  a  gram. 

Micrometer  (m)  or  micron,  one-millionth  of  a  meter. 

Millimicron  (m,u),  one-thousandth  of  a  micrometer  or  micron. 

Millon  test,  the  red  color  produced  by  nitrous  and  nitric  acid  and 
mercurous  nitrate  on  phenol,  tyrosine,  or  proteins  containing 
tyrosine. 

Moliscb  test,  a  reaction  of  carbohydrate  groups  with  ex  naphthol  and 
sulphuric  acid,  depending  on  the  condensation  of  furfural  or  its  de¬ 
rivatives  with  oc  naphthol. 

Monosaccharides,  simple  sugars. 

Mucic  acid,  a  poorly  soluble  oxidation  product  of  galactose  and  used  as  a 
test  for  the  latter. 

Mucilages,  soluble  polysaccharides  from  plants. 

Mucins,  soluble  glucoproteins  contained  in  mucous  egg  coverings,  and 
other  structures. 

Mucoids,  proteins  similar  to  mucins  derived  from  tendons,  cartilage, 
vitreous  humor,  cornea  of  the  eye,  and  elsewhere. 

Murexide  test,  a  color  reaction  of  uric  acid. 

Mutarotation,  change  in  rotation  of  an  optically  active  solution  on  stand¬ 
ing. 

Myosin,  a  globulin  formed  in  the  clotting  of  muscle  plasma  that  occurs 
on  standing. 

Myosinogen,  a  protein  in  muscle  from  which  myosin  arises. 

Myxedema,  a  puffiness  of  the  skin  due  to  the  deposit  of  a  protein  in  the 
subcutaneous  tissue;  a  symptom  of  cretinism. 

Nervon,  a  galactoside  of  the  brain. 

Nervonic  acid,  a  fatty  acid  in  nervon  and  sphingomyelin. 

Nessler’s  reagent  (HgI2.2KI),  a  solution  giving  a  reddish  color  with 

ammonia. 

Neutral  sulphur,  unoxidized  sulphur  as  in  cysteine  and  methionine. 

Nicotinic  acid,  a  vitamin. 

Nitrogen  balance,  the  difference  between  the  nitrogen  intake  and  excre¬ 
tion. 

Norleucine  (a-amino  n-caproic  acid),  a  hydrolytic  product  of  casein. 
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Normal  solution,  a  solution  a  liter  of  which  corresponds  to  a  gram  equiva 
lent  of  replaceable  hydrogen  either  in  acid-alkali  titration  or  oxida¬ 
tion-reduction  reactions. 

Nuclease,  an  enzyme  hydrolyzing  nucleic  acid. 

Nucleic  acid,  a  compound  of  4  heterocyclic  nitrogenous  bases,  4  molecules 
of  pentose  sugar,  and  4  molecules  of  phosphoric  acid. 

Nucleins,  insoluble  split  products  of  nucleoproteins  containing  nucleic 
acid. 

Nucleoproteins,  proteins  of  the  cell  nucleus  containing  nucleic  acid. 

Nucleoside,  a  compound  of  a  pentose  sugar  and  a  heterocyclic  nitrogenous 
base. 

Nucleotide,  nucleoside  monophosphate. 

Oleic  acid,  an  18-carbon  atom  fatty  acid  with  a  double  bond  in  the 
middle  of  the  chain. 

Oleomargarine,  a  legal  term  for  an  imitation  butter.  The  name  is  derived 
from  olein  and  margin,  but  it  contains  no  margin  as  the  supposed 
margarin  was  a  mixture  of  an  equal  number  of  molecules  of  palmitin 
and  stearin. 

Optical  activity,  the  property  of  asymmetric  carbon  atoms  of  rotating  a 
beam  of  polarized  light. 

Optical  isomers,  compounds  which  are  mirror  images  of  each  other. 

Optimum  temperature,  the  temperature  at  which  reaction  will  go  on  at 
maximum  speed,  or  for  the  greatest  yield  (in  case  the  temperature 
for  optimum  speed  causes  destruction  of  enzyme). 

Orcinol  test,  the  color  reaction  between  furfural  (arising  from  a  pentose) 
and  orcinol.  It  is  also  given  by  galactose  or  glucuronic  acid. 

Ornithine,  an  amino  acid  produced  by  the  reaction  of  arginase  and 
arginine. 

Osazones,  easily  crystallizable  compounds  of  two  molecules  of  a  hydra¬ 
zine  and  one  of  a  sugar  (after  oxidation). 

Osmosis,  the  passage  of  solutions  through  a  dialyzable  membrane. 

Osmotic  pressure,  hydrostatic  pressure  produced  by  osmosis  through  a 
membrane  permeable  to  the  solvent  and  not  the  solute. 

Ossein,  collagen  of  bone.  It  is  the  chief  organic  substance  of  bone  and 
it  is  supposed  to  be  the  same  as  that  of  dentin. 

Osteomalacia,  softened  bones  of  an  adult  due  to  the  removal  of  the  min¬ 
eral  matter  from  the  bones. 

Osteoporosis,  fragility  of  bone  due  to  the  replacement  of  bone  tissue  by 
marrow,  differing  from  osteomalacia  in  that  the  ossein  as  well  as 
the  mineral  disappears. 

Oxidation,  the  loss  of  an  electron  from  an  atom,  thereby  giving  it  a  posi¬ 
tive  valence  or  increasing  its  positive  valence  by  one. 

Oxyhemoglobin,  a  combination  of  molecular  oxygen  with  hemoglobin. 
The  compound  is  decomposed  by  pumping  off  the  oxygen. 
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Painter’s  colic,  lead  poisoning. 

Palmitic  acid,  16-carbon  atom  fatty  acid  constituting  20%  of  human 
fat;  abundant  in  palm  oil. 

Pantothenic  acid,  a  vitamin. 

Paracasein,  the  product  of  the  action  of  rennin  on  casein  causing  the 
rapid  clotting  of  milk  in  the  infant’s  stomach. 

Parathormone,  the  hormone  of  the  parathyroid  gland  regulating  calcium 
metabolism. 

Parenterally,  by  other  entrance  than  by  mouth  or  rectum. 

Pathological,  relating  to  disease. 

Pellagra  (rough  skin),  a  deficiency  disease  caused  by  lack  of  vitamin  G. 
The  rough  skin  occurs  most  abundantly  in  regions  exposed  to  sun¬ 
light. 

Pentoses,  5-carbon  sugars. 

Pepsin,  the  protein-splitting  enzyme  of  the  gastric  juice. 

Peptide  linkage,  CONH-linkage  of  amino  acids  in  peptides. 

Peptides,  compounds  of  amino  acids. 

Pernicious  anemia,  an  anemia  due  to  the  lack  of  two  factors,  one  of 
which  is  said  to  be  in  the  nature  of  a  vitamin  and  the  other  the 
specific  secretion  of  the  healthy  gastric  mucosa.  It  is  characterized 
by  achlorhydria  and  a  greater  diminution  of  blood  count  than 
diminution  of  hemoglobin  and  the  presence  of  nucleated  red 
corpuscles. 

Pettenkofer  test,  a  pink  color  due  to  the  reaction  of  bile  salts  with  fur¬ 
fural  in  strong  sulphuric  acid.  Gregory’s  modification  gives  a  blue 
color  which  is  more  quantitative. 

Phenylalanine,  a-amino  /3-phenyl  propionic  acid,  a  hydrolytic  product  of 
proteins. 

Phenylhydrazine  test,  the  formation  of  phenylosazones  by  the  reaction 
with  phenylhydrazine  and  sugars. 

Phlorhizin,  phloretin-glucoside  of  apple  root  bark;  5  mg.  intravenously 
produces  glucosuria. 

Phosphagen,  phosphocreatine. 

Phosphatase,  an  enzyme  from  yeast  and  animal  tissue  which  hydrolyzes 
phosphoric  acid  esters. 

Phosphatides,  compounds  of  glycerol,  sulphuric  acid,  fatty  acid,  and  an 
alkaloid. 

Phosphocreatine,  creatine  phosphate. 

Phospholipins,  compounds  containing  phosphoric  and  fatty  acids  and 
other  substances. 

Phosphoproteins,  proteins,  the  prosthetic  group  of  which  is  phosphoric 
acid  (they  yield  no  heterocyclic  bases). 

Phosphorylase,  en  enzyme  concerned  with  glycogen  synthesis. 

Phosphotungstic  acid,’  PJ0,.12W0,.42HJ0;  used  to  precipitate  alkaloids, 
including  basic  amino  acids  and  also  proteins;  on  reduction  used  in 
colorimetric  analysis. 
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Phrenosin,  a  galactoside  of  the  brain. 

Phrenosinic  acid,  a  fatty  acid  from  phrenosin. 

Pitocin,  the  fraction  of  the  hormones  of  the  posterior  pituitary  gland 
causing  contraction  of  the  uterine  muscle. 

Pitressin,  the  fraction  of  the  hormones  of  the  posterior  pituitary  gland 
increasing  the  chloride  and  diminishing  water  excretion  in  urine,  and 
raising  blood  pressure. 

Pituitary,  hypophysis  cerebri;  a  gland  of  internal  secretion  in  the  sella 
turcica  at  the  base  of  the  infundibulum  of  the  brain. 

Plasmolysis,  alteration  of  the  plasma  membrane  or  surface  layer  of  a 
living  cell  so  that  it  loses  some  of  its  constituents,  which  pass  readily 
to  the  outside. 

Podolite,  CaCO,  [Cai(P04)1]t;  carboapatite,  a  crystalline  constituent  of 
the  mineral  of  the  bone. 

Polariscope,  an  instrument  used  to  detect  rotation  of  the  plane  of  polar¬ 
ized  light  by  asymmetric  carbon  atoms. 

Polarized  light,  light,  the  vibration  of  which  is  all  in  one  plane  trans¬ 
verse  to  the  direction  of  propagation. 

Polysaccharides,  compounds  of  a  number  of  simple  sugar  molecules. 

Prolamins,  proteins  of  cereal  grains  soluble  in  70%  alcohol. 

Proline,  a  heterocyclic  amino  acid  from  proteins  which  does  not  react 
with  nitrous  acid  or  ninhydrine,  but  is  a  sugar  former. 

Protamines,  the  simplest  natural  proteins,  consisting  almost  entirely  of 
basic  amino  acids;  often  found  combined  with  nucleic  acid. 

Proteans,  slightly  denatured  proteins. 

Proteins,  the  main  nitrogenous  constituents  of  the  framework  of  living 
cells  (composed  mainly  of  amino  acids) ;  of  large  molecular  weight, 
up  to  five  million. 

Proteoses,  the  first  products  of  hydrolysis  of  proteins;  coagulated  by 
heat;  easily  diffusible  through  membranes. 

Protoplasm,  the  living  substance  or  material  composing  living  cells. 

Ptomaines,  animal  alkaloids  produced  by  putrefaction  of  proteins;  simi¬ 
lar  substances  may  be  found  in  plants,  for  instance,  poisonous  mush¬ 
rooms. 

Ptyalin,  salivary  diastase  or  starch-splitting  enzyme. 

Puncture  diabetes,  a  production  of  sugar  in  the  urine  by  puncture  of  the 
floor  of  the  fourth  ventricle  of  the  brain,  due  to  the  stimulation  of 
the  adrenal  through  the  phrenic  nerve  and  outpouring  of  adrenaline. 

Purine  bases,  derivatives  of  purine,  including  caffeine  and  uric  acid, 
others  being  found  in  nucleic  acid. 

Putrefaction,  fermentation  of  proteins  with  the  production  of  ptomaines. 

Putrescine,  ptomaine  arising  from  putrefaction  of  ornithine  or  arginine 
in  the  gut;  also  occurring  in  some  mushrooms. 

Pylorus,  the  lower  outlet  of  the  stomach. 

Pyridoxine,  vitamin  B6. 
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Pynnudme  bases,  derivatives  of  pyrimidine  occurring  in  nucleic  acid, 
they  may  be  derived  from  purines  by  loss  of  urea. 

Pyruvic  acid,  a-keto  propionic  acid;  an  intermediate  product  in  the 
metabolism  of  proteins,  fats,  and  carbohydrates  or  obtained  by  dis¬ 
tilling  tartaric  acid  from  grapes. 

Renal  diabetes,  diabetes  characterized  by  lower  blood  sugar  than  in  case 
of  diabetes  mellitus. 

Rennin,  an  enzyme  of  the  gastric  juice,  particularly  of  the  nursling, 
which  changes  casein  into  paracasein. 

Respiratory  cytochrome,  a  hematin  compound  in  protoplasm  which  aids 
in  respiration. 

Respiratory  quotient,  the  quotient  of  the  volume  of  C03  exhaled  divided 
by  the  volume  of  03  inhaled,  which  is  unity  in  case  carbohydrates 
are  the  only  foods  burned  in  the  body  but  is  0.7  for  the  burning  of 
fats  and  0.82  for  the  burning  of  proteins. 

Riboflavin,  vitamin  B,. 

Ribose,  a  5-carbon  sugar  said  to  be  contained  in  some  nucleic  acids. 

Ricin,  toxalbumin  of  the  castor  bean.  One  large  castor  bean  may  be 
fatal  if  eaten. 

Ricinoleic  acid,  12-hydroxy  oleic  acid  from  castor  oil,  forming  more 
soluble  soaps  than  oleic  acid  and  used  to  detoxify  antigens. 

Rickets,  a  disease  of  growing  children  or  animals  characterized  by  the 
presence  of  large  amounts  of  osteoid  tissue  (nonmineralizcd  ossein), 
particularly  in  the  rapidly  growing  regions  of  the  bones. 

Rotbera’s  test,  a  red  color  due  to  the  reaction  of  sodium  nitroprusside 
with  acetone  in  ammoniacal  solution. 

Saccharose,  cane  sugar. 

St.  Martin,  Alexis,  a  Canadian  -with  a  gastric  fistula  physiologically 
studied  by  William  Beaumont. 

Saponin,  sapogenin  glucoside  from  plants,  particularly  soap  bark,  which 
greatly  reduces  the  surface  tension  of  water;  is  cytolytic  and 
hemolytic,  and  increases  the  permeability  of  the  gut  for  toxic  sub¬ 
stances. 

Schiff’s  reagent  for  aldehydes,  fuchsin  bleached  with  St)2. 

Scurvy,  a  deficiency  disease  characterized  by  loosening  of  the  teeth, 
hemorrhages  in  various  parts  of  the  body,  and  osteoporosis;  caused 
by  lack  of  vitamin  C  (ascorbic  acid). 

Secretin,  a  hormone  causing  the  pancreas  to  secrete. 

Serine,  /3-hydroxy  alanine;  first  found  in  silk  gum,  occurring  in  most 
proteins. 

Simple  proteins,  proteins  consisting  entirely  of  amino  acids  (many  pro¬ 
teins  which  were  considered  simple  have  recently  been  found  to  con¬ 
tain  small  percentages  of  sugar). 

Skatole  (scatole),  a  bad-smelling  ptomaine  from  putrefaction  of  trypto¬ 
phan;  reduces  blood  pressure;  lethal  dose  5  g.  subcutaneously. 
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Sol,  colloidal  solution.  ,  . 

Soxhlet  apparatus,  an  apparatus  tor  continuous  extrac  ion  o  a 

tissues  by  the  boiling,  condensation,  and  percolation  of  an  organic 

Specific  dynamic  action  of  foods,  the  action  of  some  foods,  particularly 
proteins,  in  increasing  the  total  heat  production  of  the  resting  body. 
Specific  rotation,  the  rotation  of  polarized  light  produced  by  1  g.  of 
substance  dissolved  in  1  c.c.  of  solution  observed  in  a  tube  1  dm. 

long. 

Sphingomyelin,  a  phospholipin  from  the  brain. 

Sphingosine,  a  base  from  sphingomyelin  and  phrenosin,  giving  a  purple 


reaction  with  Cu++  and  sugar. 

Steapsin,  pancreatic  lipase;  fat-splitting  enzyme. 

Stearic  acid,  an  18-carbon  fatty  acid. 

Stokes’  reagent,  2%  ferrous  sulphate  in  3%  tartaric  acid.  Just  before 
using,  ammonia  is  added  until  first  precipitate  redissolves. 

Succinic  acid,  a  dicarboxylic  acid  occurring  in  plants  and  animals,  which 
is  considered  an  intermediate  in  the  oxidation  of  foodstuffs. 

Succus  entericus,  intestinal  juice. 

Sucrose,  cane  sugar. 

Sugar  tolerance,  the  quantity  of  sugar  that  may  be  eaten  at  one  time 
without  elimination  in  the  urine  and  without  raising  the  blood  sugar 
above  what  is  considered  the  normal  level  under  the  conditions. 

Suprarenals,  adrenals  (glands  of  internal  secretion  above  kidneys). 

Surface  tension  law,  Traube’s  rule  that  in  the  homologous  series  of  com¬ 
pounds  the  addition  of  one  carbon  atom  causes  a  tripling  of  the 
activity  of  a  molecule  in  lowering  the  surface  tension  of  water. 


Taurine,  a  derivative  of  ornithine  (occurring  in  the  bile,  particularly  ox 
bile,  in  combination  with  cholic  acid). 

Taurocholic  acid,  a  combination  of  taurine  and  cholic  acid,  particularly 
in  ox  bile. 

Tetany,  here  refers  to  hyperexcitability  of  the  nerves  due  to  an  increase 
in  the  ratio  of  the  stimulating  ions  to  the  depressing  ions  in  the 
blood. 

Theelin,  a  hormone  of  the  graafian  follicle  of  the  ovary  causing  the  ap¬ 
pearance  of  “heat”  in  animals. 

Thiamine,  vitamin  B,. 

Thioneine,  ergothioneine. 

Threonine,  a-amino  /3-hydroxy  butyric  acid. 

Thrombin,  a  substance  which  changes  fibrinogen  to  fibrin  in  the  blood. 
It  is  supposed  to  be  composed  of  calcium,  cephalin,  and  a  protein. 

Thyroglobulin,  the  thyroid  hormone;  a  pseudoglobulin  of  the  colloid  of 
the  thyroid  follicle  containing  thyroxine  and  diiodotyrosine  and  hav 
ing  a  molecular  weight  of  about  700,000. 

Thyroid,  the  gland  in  the  neck  producing  an  indispensable  internal  secre 
tion. 
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Thyroxine,  an  amino  acid  containing  65%  iodine;  derived  from  alkaline 
hydrolysis  of  thyroglobulin;  it  produces  the  same  physiological 
effects  as  thyroglobulin. 

Toxalbumins,  albumins  which  are  toxic  by  mouth  or  injection  (including 
snake  poisons). 

Triolein,  triglyceride  of  oleic  acid;  chief  ingredient  of  olive  and  many 
other  oils. 

Tnpalmitin,  triglyceride  of  palmitic  acid,  occurring  in  fats  and  palm  oil. 

Tristearin,  triglyceride  of  stearic  acid,  occurring  in  tallow  and  other  fats. 

Trypsin,  pancreatic  protease  (a  protein-splitting  enzyme). 

Trypsinogen,  inactive  trypsin  which  may  be  activated. 

Tryptophan,  oc -amino  /3-indole  propionic  acid;  an  essential  amino  acid 
destroyed  by  acid  hydrolysis  of  proteins  but  reacting  with  an  alde¬ 
hyde  to  cause  humin  formation. 

Tyndall’s  phenomenon,  the  diffraction  of  light  by  a  colloidal  solution 
giving  rise  to  a  polarized  beam  of  light  at  right  angles  to  the  in¬ 
cident  light. 

Tyrosine,  /?-parahydroxyphenyl  a-aminopropionic  acid;  an  essential  amino 
acid  in  proteins. 

Urea,  the  amide  of  carbamic  acid  and  chief  nitrogenous  excretory  product 
of  fish,  amphibia,  and  mammals.  Shark’s  blood  contains  5%  but  in 
mammals  if  there  is  more  than  0.1%  the  condition  is  considered 
uremia  due  to  the  failure  of  the  kidneys. 

Urease,  an  enzyme  hydrolyzing  urea  into  CO,  and  NHS. 

Uremia,  the  accumulation  of  urea  in  the  blood  above  normal  limits. 

Uric  acid,  the  chief  form  in  which  purine  bases  are  excreted;  occurring 
in  precipitates  in  the  joints  in  gout. 

Uricase,  an  enzyme  changing  urea  into  allantoin  in  the  dog. 

Urobilin,  a  product  of  putrefaction  of  bilirubin  in  the  gut  and  excreted 
by  the  kidney  or  removed  by  the  liver. 

Valine,  a-aminoiso-valerianic  acid;  an  amino  acid  in  proteins;  its  intra¬ 
venous  injection  lowers  blood  pressure. 

Viosterol,  the  American  Medical  Association  name  for  irradiated  ergos 
terol  (calciferol,  synthetic  vitamin  D).  It  tends  to  prevent  both 
rickets  and  osteoporosis. 

Vitamins,  essential  organic  substances  in  the  food  which  are  necessary 
in  such  small  amounts  that  they  are  not  considered  either  from  their 
energy  content  or  as  building  stones  of  the  body. 

Vitellin,  phosphoglobulin  of  egg  yolk.  It  probably  exists  in  the  egg  as 
a  lecithoprotein,  which  is  decomposed  on  extraction. 

Vividiffusion,  passage  of  blood  from  an  artery  through  a  dialyzing  tube 
immersed  in  Einger's  fluid,  and  back  into  a  vein,  allowing  the  diffus¬ 
ing  out  of  substances  from  the  blood  (an  anticoagulating  agent  is 
necessary  to  prevent  stoppage  of  the  apparatus). 
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Waxes,  solid  esters  of  fatty  acid  and  higher  monoatomic  alcohol,  such  as 
cetyl  alcohol,  CuH^OH. 

Witte  peptone,  a  mixture  of  peptides  formed  by  the  hydroh  sis  of  oo 
fibrin  but  containing  some  proteoses. 

Xanthine,  a  purine  base  produced  by  the  action  of  guanase  on  guanine; 
occurring  in  bladder  stones,  urine,  and  soil. 

Xanthoproteic  test,  a  yellow  color  produced  by  the  action  of  nitric  acid 
on  tyrosine  or  tryptophan  or  proteins  containing  these  amino  acids. 
On  the  addition  of  alkali  the  color  changes  to  orange. 

Xylose  (wood  sugar),  a  5-carbon  sugar  produced  by  the  hydrolysis  of 
corn  cobs  and  other  waste  plant  products. 

Zein,  the  prolamin  from  corn  containing  no  tryptophan,  cystine,  or  lysine, 
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Hydroxybutyric  acid,  284 
Hydroxyproline,  120 

I 

Icterus  index,  419 
Imbibition,  39,  344 
Imid  linkage,  108 


SUBJECT  INDEX 


461 


Indicators,  29,  338 
Indole,  128,  210,  391 
Indoxyl,  391 
Inorganic  salts,  42 
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